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A PROGRESS REPORT AND PROPOSED TEST-WELL DRILLING PROGRAM FOR THE WATER-
RESOURCES INVESTIGATION OF THE ANTELOPE VALLEY-EAST KERN WATER AGENCY

AREA, CALIFORNIA

By J. E. Weir, Jr., J. R. Crippen, and L. C. Dutcher

SUMMARY ARD CONCLUSIONS

This report was prepared in cooperation with the Antelope
Valley-East Kern Water Agency and outlines the general purpose and
scope of the overall water-resources study; the progress of the
investigation; the preliminary findings; and the need for quanti-
tative information from aquifer tests, test drilling, and further
studies. The specific purpose of the report is to provide general
background information on the area and its waﬁer problems, outline
further Qtudies to be completed, and outline a proposed program

for drilling test wells to provide additional data where necessary.



The Antelope Valley-East Kern (AVEK) Water Agency is in the
southwestern part of the Mojave Desert reglon of California about
40 miles north of Los Angeles. The water-resources study includes
nearly all of Antelope and Fremont Valleys, an area of about 3,300
square miles, of which about 800 square miles is uplands and the
remainder is mainly alluvial plains below an altitude of 3,500 feet
above sea level.

The irrigated agricultural acreage in the AVEK area has
increased from about 10,000-15,000 in 1919 (Thompson, 1929, p. 39)
to about 86,000 in 1955. Dry farming is also practiced but is of
much less importance, being about 48,000 acres in 1947 (California
Division of Water Resources, 1947, p. 2).

Mining is an important local industry, and military installations
and industries related to national defense are becoming increasingly
important to the economy of the area.

The develomment of the water resources was started in the early
1890's when attempts were made to“divert swrface water from streams
for irrigstion near Palmdale. Mest of these attempts vere failures.
Pumping for irrigation on & large scale was started in about 1900;

by 1919 about 500 wells were in use; by 1960 the wells in use had

increased to more than 3,000.



Pumping, primarily for irrigation but also increasingly for
domestic and industrial usde, has long exceeded the aver;ge annual
recharge in the area. Water le;\rels are declining, and if the with-
drawals are continued at the present rate pumping water from wells
in much of the ares will become impracticzal because of deep water
levels. The water levels in wells ultimately determine the
practical economic development of the ground water. Snyder (1955,
p. 128) made a study of economic conditions in Antelope Valley and
set a practical economic lim;[t for pumping for irrigation at a
depth of about 500 feet below the land surface. Trends of water-
level decline are shown graphically on figures 3 and 4. These
graphs support the agency's decision that imported water is needed
and show clearly that the natural supply ultimately will become
inadequé.te unless water is imported into Antelope Valley basin--
and in parts of Fremont Valley basin also.

The AVEK Water Agency plans to import water from northern
California via the California Aqueduct beginning with about 20,000
acre-feet scheduled for delivery in 1972. The quantity will be
increased periodically until 120,000 acre -feet is delivered annually
after 1990. An additlonal amount of water probably will be needed
before 2020.

‘Many problems relaﬁed to importing wster into the AVEK aree
are not directly connected with geéhydrology and therefere are beyond
the scope of this report. One of these concerns the water rights of

the individusl water users.



Preliminary hydrelogic findings, an aprraisal of the quantitative
aspects of the principel aquifers, and an appraisal of sites for
storing imported water, are summarized in this report and are briefly
outlined, as follows:

The climate is arid and most of the rain falls during the months
December through March. The evaporation rate is very high, probebly
averaging more than 100 inches annually on the valley floor. Some
staorma bring precipitation and runoff which provide the temporary
surpluses of water that contribute to streamflow and ground-weter
recharge.

Runoff to the valley areas is primarily from the bordering
mountains and only part of this flow is measured. Additional gaging
stations should be installed and operated during the next 2 years.

Almost all the important aquifers in the area are contained in
alluvial deposits of Quatermary age; the older rocks are of low
permeability and yield little or no water to wells.

Ground water in the alluvial deposits moves from the bordering
- mountains and hills tovard the la;:; ;o—:}“.n*!-:; ofugb.; valleys, which
are occupied by dry lakes or playas. The ares is divided by
faults and outcrops of consolidated rocks into two major ground-
water basins--Antelope Valley basin and Frement Valley besin. Each

major basin is, in turn, divided by greund-water barriers, faults,

or local areas of conselidated rocks intoAs?everal gmaller areas--

ground -weter subunits.
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Ground-water movement between the major basins occurs only at
two places along their common boundary. Although hydraulic continuity
i8 restricted to two relatively small “"gaps," this interconnection
is of utmost importance to the area. The two major basins share &
common source of recharge and, therefore, a common resource.

Ground-water recharge is estimated to be 76,000 acre-feet per
year, of which Antelope Valley basin probably receives about 58,000
acre-feet and Fremont Valley basin about 18,000 acre-feet.

- The best wells in the area yield about 500 to 2,000 gmm
(gallons per minute). The principel aquifers, however, probably are
not sufficiently permeable to act as natural pipelines which would
efficiently distribute the water which the Ageney plans to import.
Because the area is large”, e distribution system must be built
to carry water from the proposed aqueduct to points of use which
are mastly at considershle distance.

Reportedly the Agency plans to construct a surface reservoir
having a storage capacity of about 25,000 acre-feet. To provide
enough water for the probable daily and seasonal peak demand
additional storage space in ground-water reservoirs may be needed.
Four sites for potential surface reservoirs have been examined.
Each will require further study to determine its suitability for
use by the Agency. Several areas have been studled to determine
those most suitable for temporary underground storage in aquifers

that could be pumped later for use by the Agency.
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Two ground-water subunits--Chaffee subunit in the Fremont Valley
basin and West Antelope subumit in the Antelope Valley basin--have
been select-eg. for detailed study to determine if each would be
suitable fo:.:b large-scale recharge by spreading imported water. Probably
these two large ground-wvater subunits will be needed as repositories
or "banks" where water not fully subscribed by users could be held
in storage until needed; they are in an area of minimum outflow and
punping. Because these subunits may be very impertant during the
first decade or two after 1972, detalled data on their principal aquifers
are needed. For this purpose & progrem of drilling T to 12 test wells
to determine the extent of the Randsburg-Mojave fault and the extent
of the West Antelope ground-water subunit is outlined herein. Aq_uifer
.*‘tosbseafktvo sites will be nseded alse. Allthaﬁeldmkmmu
cempleted early in the 1965 fisesl year so that. the results can be
incorporated in the final interpretive report on the water resources

of the AVEK area scheduled for completion by July 1965.



INTRODUCTION

The U.S. Geological Survey began the water-resources investigation
of the Antelope Valley-East Kern (AVEK) Water Agency ares in May 1963
in accordance with the terms of a cooperative agreement between the
two agencies. This report outlines: (1) The general purpose and
scope of the overall water-resources investigation; (2) the progress
’of the investigation to date; (3) the preliminary findings; and
(4) the need for quantitative information from aquifer tests, test
drilling, and further studies. In addition, the history of ground-
water development in the area and a previously determined need for
importing water are briefly described. Also, the adequacy of the
ground -water supply avallable for use during the period remaining
before imported water be‘comes available (about 1972) is bﬂef]y

sppraised.
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Purpose and Scope of the Overall Investigation

The purpose and scope of the cooperative investigation of the
water resources of the AVEK area are to provide, insofar as possible,
a qualitative eva;uation of the ground-water basins and the squifer
systems dn vhich the AVEK Water Agency can base plans for conjunctive
use of local and imported water supplies. Thus, as summarized during
the early planning stages, the scope of the overall investigation
includes:

1. Field and office work to bring up to date the
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detail to delineate the water-bearing deposiis.

3. Delineation and description of the physical
gtructure, boundaries, and subdivisions of the ground-
water basins and subunits.

4., Identification of areas susceptible to. nmatural
and artificial recharge to the squifer system and
description of the relation of these aress to points of
water use, natural discharge, and other areas.

5. A qualitative description of the aquifer system
aea related to source, occurrence, movement, and subsurface

inflow and outflow of ground water.

>
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- B An,aapmaisaLAQf the aurﬁacg runnff and ita relation
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additional elfmatologte and hydralagi“c data foi suhe:qu.ent
quantitative appraisal.

7. The determination of coefficients of ﬁquifer trans-
missibility where studies indicate the need for these data

and wherever existing facllities permit.



Purpose and Scope of This Report

The purpose of this report is to provide general background
information on the area and i1ts water problems. The scope of this
report is to (1) describe the status of the overall investigation
and sumerize the preliminary findings, (2) outline the further
studies to be completed during this investigation, (3) estimate,
ina%far as possible, the work needed to complete the studies,

~
including work not definitely foreseen during the early planning
phases, and (4) outline a proposed program for drilling test wells
to provide additional data where necessary.

The work is being done by the Geological Survey, Water Beeources
Division in cooperation with the Antelope Valley-East Kern Water
Agency, under the direction of Fred Kunkel, district geologist in
charge of ground-water investigations in California, and under the
direct supervision of L. C. Dutcher, geologist in charge of the

3
southern California subdistrict office.
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Iocation and Extent of Area

The AVEK area, the south border of which is about 40 miles
north of Los Angeles, is in the southwestern part of the Mojave
Desert region of California (fig. 1). The area includes nearly
all the combined drainage basins of Antelope and Fremont Valleys
(fig. 2). These drainage basins include an area of about 3,300
square miles, of wlﬁch about 800 square miles in uplands in the
mpuntaina that border the desert wvalleys on the south, northwest,
"apd southwest; the remainder includes the alluvial plains and
low hille of a central region below an altitude of about 3,500
. feet above sea level. ’

Nearly two-thirds of the area is in eastern Kern County, and
the remainder is in Ios Angeles County; the San Bernardino County
line delimits the AVEK area on the east.

The area is between lat 34°15' and 35°30' N. and long 117°30°

and 119°00'W. and 1s accessible from Los Angeles via U.S. Bighway 6.

17



Progress of the Investigation

The long-range plans for importing supplemental water into the
two large ground-water besins of the AVEK area have been completed.
Planning for the best &nd most efficient means of storing anmd
distributing the imported water must be based on a knowledge of the
regional geology and hydrology. The acquiring of this knowledge
requires an intensive study of the geology; the surface-water runoff;
the ground-water recharge; the occurrence, source, and movement of
ground water; and, in some critical areas, the determination of the
coefficients of transmissibllity and storage of the deposits.
Accordingly, the collection of nearly all existing geologic and
hydrologic data in Antelope and Fremont Velleys has been in progress.
This work incb;des the following elements:

1. Existing geologic maps are being compiled, /and the
geologic formations are being examined in the field to determine
the extent and physical character of the unconsolidated water-
bearing deposits.

2. Data for nearly all wells in the western part of
Ax}telope Valley have been assembled, and data collection in the
eagtern part of the valley is being continued in cooperation
with the California Depsrtment of Water Resources. Availablf:_
data for wells in the Willow Springs area (Kunkel and Dutcher,
1960), Fremont Valley area (Dutcher, 1959), and Edwards Air
Force Base area (Dutcher, Bader, Hiltgen and others, 1962) are

being used, and additional data are being assembled as new wells

leted.
are comp 18



3. In the Kern Couné};;sﬂrt«‘ of western Antelope
Valley south-of Willow Spring;, where existing topographic
maps show only 100-foot contour intervals, altitudes of
all wells have been surveyed to provide precise control
for making water-level -contour maps.

k., A1l earlier measurements of water levels in wells
in Antelope and Fremont Valleys have been assembled. From

theae data a water-level- centou* map wvag constructed.
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5. All knowm aquifer-test data have been aasembled

and are being,analyzed.
i o
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e T. Severnl potential sites for surface-water reservoirs
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have been examined in the field, and 10 sites have been
selected for additional studies to determine if some are
suitable for use in artificial ground-water recharge projects

and as small ground-water reservoirs for holdover storage of

imported water.



8. Two large ground-water subunits » one in Antelope Valley
and one in Fremont Valley, have been selected as probsbly the
best sites eveilable in the AVEK area for use as large-caepecity
holdover storage reservoirs suitable for cyclic recharge and
pumping. These subunits will require further intensive study
to determine their suitebility. It must be feesible to recharge
imported water into the subunits, they each much have a large
storege cepacity, and they must retain water for later recovery.
The latter characteristic will he particularly important if good
water-management practices require that large-scele ground-weter
‘storage reservoirs be used in conjunction with the planned
surface-storege and weter-distribution system. However, test
drilling will be required to determine 1f the subunit in the
western part of Antelope Valley is suitable. Aquifer tests in
each of the subunits will be necessary before firm p:‘n.ans can be
‘made to use these &areas ;’or cyclic punping and recharge; test
wells will be needed to determine if imported .water that may be
recharged into the subunits can be retained for later recovery

by pumping from wells controlled by the Water Agency.
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9. Availeble data on precipitation, evaporation, and
surface-water runoff have been assembled and anslyzed for
use in making estimates of annual ground-water recharge to
the valleys.

10. In the Lancaster subunit of Antelope Valley basin,
the average rate of water-level decline during past years
wag estimated to determine if the usable ground water in
storage will be adequate to meet the probable needs of the
area during the 20-year period ending in 1985. On the basis
of these records, available water in storage probably will
be adequate to supply most of the needs of the lancaster
subunit until 1985. However, to meet all the needs some
water must be imported after 1975. The need for supplementing
thé natural supply is clear 1f use is to be continuéd
indefinitely. The economy of much of the aree cennot be
supported continuously by pumping only the ground qa’cer
recharged naturally., However, if water 1s imported in
quantities as planned and beginning in about 1972, water users

can be assured indefinitely of an adequate supply.
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1l. Estimated sverage rate of water-level decline
in North Muroc, Califcormnia City, and Koehn subunits
indicates that needs of these areas probably can be
supplied from ground wvater in storage for at least 30
years, unless projected increases in populatieon are
conservative. Of the three subunits, California City
probably will require supplemental water first-and -
North Muroc subunit will need imported water last,
assumirg continuation of recent withdrawals, develop-

mental trends, and retes of water-level decline.

22
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Well-Numbering System

The well-numbering system used by the U.S. Geological Survey in
California indicates th; location of wells ;ccording to the rectangular
system for the subdivision of public land. For example, in the well
number 32S/37E-36N1 the first two segments designate the township
(T. 32 S.) and the range (R. 37 E.); the third gives the section
(sec. 36); and the letter indicates the LO-acre subdivision of the
section, as shown in the accompanying diagram. The letter Z indicates

the well was plotted from an unverified location description.
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PRELIMINARY FINDINGS

Surface-Water Drainage Basins

The combinéd drainege basin of Antelope and Fremont Velleys is
hydrologically closed. Although the general land slope and the
resulting direction of surface drainage is the local criterion .
for separating the two valleys into two drainage baéins, lccal usage
of the two names is rather vague and scmetimes no distinctica is made
between them. The total drainage area includes about 3,300 sgquare
miles, of which about 2,420 18 directly tributary to Antelope Valley,

_ 85d the remainder is in- the drainagg area-of Fremont Valley ing, 2)

£7 ¥».. B S
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The two valleys are separated by a surface water divide, and each
has a floor of alluvial fill &erived from the adjacent mountains.
The lowest pert of Premont Valley is Koehn (dry) Iske, a
moist-type playa of about 5 square miles ;t an altitude of 1,940
feet above sea level. Forty square miles of Fremont Valley lies
below 2,000 feet, and about 240 square miles is below 2,500 feet

in altitude. The lowest altitude in Antelope Valley is about
2,270 feet at Rogers, Rosamond, and Buckhorn (dry) Iakes, which
have a total area of about 75 square miles. About 660 square

miles of Antelope Valley is below 2,500 feet in altitude.

23



The low point along the surface-water drainage divide between
Antelope and Fremont Valleys is near Castle Butte (fig. 10),
northeast of Rogers lake, at an altitude of about 2,360 feet. Any
surface runoff from Antelope Valley into Fremont Valley would be
past this low point in the divide.

The low point along the surface -water dreainage divide that
encloses the comblined Antelope-Fremont Valley basin is along the
east margin near the town of Boron at an altitude of about 2,480
feet. Any overflow from the closed basin would occur through a
gap nearly 3 miles wide between the bordering uplands, but first
& lake having a surface area of nearly 900 square miles would be
formed. Such & large natural lake could not be formed in the
present arid climate. Surface water now moves toward the playas
et the low point of the basin in which the runoff originates, but
runoff from the surrounding mountains only rarely reaches the
plaeyas in Antelope Valley. However, it frequently reaches Koehn

Iake in Fremont Valley where the mountains are closer to the playa.

o



Despite a complex geclogic history, the topography of the two
!nllays i& relst&v&ly'iilalcn Th@>uiishp¢rt ef tha ba;in is‘:uughly
Sl et éi':ta‘;é'-‘- Fom % B e B B ks 3 L e xkzs«m K .‘:d‘-‘it“.. S S

Mountains (fig. 2), on the northwest by the seuthern end of tha

Sierras Nevada, which curves westward and merges with the Tehachapi
Mountains which trend southwest to the San Gabriel Mountains--a
part of tﬁg Transverse Ranges. Peak altitudes range from about
4,800 feet on the north, in the E1l Paso Mountains, to 7,500 feet
in the north part of the Tehachapi Mountains, and about 5,000 Peet
near the westermmost point, 4 miles east of Tejon Pass. The divide
then drops to sbout 3,400 feet just eest of Quail Iake. The |
Transverse Rangee form an angle of about 70 degrees with the
Tehachapi Mountains. Peak altitudes are about 5,000 feet near
Tejon Pass and range to 9,000 feét in the San Gebriel Mountains in

the southeast part of the ares,

,'73.»,‘;, TR TERVSIRT TR IR T e

~Ltﬁe Gaflock‘fault along the northwest side of Aﬁtelope,and Fremcnt
Valleys and with the San Andreas fault on the southwest side. Except
at passes, the mountains descend steeply toward the valley floor, but
near the 3,500-foot contour the slope gradually becomes gentler. The
3,000-foot contour encircles the valley area and retains the arrowhead

] shape of the drainage boundary. At that altitude slopes are more gentle.

25



Table l.-~-Distribution of land-surface zltitude

in Antelope and Fremont Valleys

Altitude, Area at less than the indicated altitude
:g:;e Antelope Valley Fremont Valley Cembined
meal.:vzia Sq. mi. | Percent | Sq. mi.4 Percent | Sq. mi. |Percent
9,390 2,420 | 100 8% | 100 3,300 {100
8,000 2,418 99.92 3,298 | 99.94
7,700 880 100
7,000 2,407 99.46 8718 99.78 3,285 99.55
6,000 2,367 | 97.8 870 98.87 3,237 | 98.09
L, 000 2,117 | 87.5 €13 69.7 2,730 | 82.7
3,000 1,597 66.0 367 1.7 1,964 59.5
2,500 660 ar.3 2ko 7.3 300 27.3
2,300 1hh 6.0
2,280 75 3.1
2,270 0 0
2,000 Lo k.5 Lo 1.21
1,950 5 57 5 ‘ .15
1,940 ) 0 0 0




Economic Gecgraphy

The AVEK area, being largely within the Mojave-Desert region of
southern Californis, has a temperate climate featuring a long hot
and dry growing season. Climate, the presence of ground water, and
en abundance of relatively flat cultivable land have been 'responsible
for the chief econcmic pursuit of the area, that of irrigated agri-
culture. | '

The acreage devoted to ir;riga.ted agricultul;e in the AVEK srea
has been estimated by several workers in the past. In 1919 probably
between 10,000 and 15,000 acres were under cultivation in Antelope
Valley (Thompson, 1929, p. 39) and most of this ares vas iz;riga.ted

witb groxmd water. By 1947 the ares. nnder irrigation he.d. increased, \
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mainly during the period 191»1»-1;7, to an estimted 52,000 acres
(californis Division of Water Resources, 1947, p. 19). In 1955

approximately 86,000 acres were irrigated in Antelope Valley
(California Division of Water Resources, 1955, p. 13) including
more than 7,000 acres in the vicinity of Willow Springs. The
irrigated area in Fremont Valley was sbout 8,000 scres in 1958
(Dutcher, 1959, p. 14). Only & very small area was under irrigation

in Fremont Valley in 1919 (Thompson; 1929, p. 219-220).
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Dry farming has been practiced with mixed success in the past
but some dry farming is still done (1963). An area of about 48,000
acres was dry farmed in Antelope Valley during 1947 (California Divi-
sion of Water Resources, 1947, p. 2). However, most of the crops
depend on irrigation by ground water. In 1955 water pumped from
wells irrigated more than 95 percent of the crops grown in Antelope
Valley (S:;;rder, 1955, p. 1). All the water used in Fremont Valley
is ground water.

The US Air Force wes attracted to Antelcpe Valley because of
the flat surfaces of the playas or dry lakes which form exce.llent
landing areas for airplanes. Edwards Air Force Base and Air Force
Plant 42 are elements 'of major economic importance to the AVEK area.
Several thousand persons living in the area derive their livelihood
directly or indirectly from these installations.

The mining of minerals alsoc contributes to the economy. Borate
deposits are mined near Boron, and salt is extracted from the ground-
water brine at Saltdale, on the north edge of Koehn Lake.

Agriculture has had the major influence oﬁ economic development
in the AVEK area, but irrigated agriculture will probably decline in
the future as pﬁmping costs increase and 'urba.n esncroachment continues
(California Department of Water Resources, 1959, fig. 2 and p. 157).
Industry will almost certainly assume 2 major role in the future

-economy of the area.
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Bistory of Water Development and Overdraft

The development of surface water on streams which drain the San
Gabriel Mountains soutﬁ of Antelope Valley marked the start of irriga-
tion in the AVEK area during the early 1890's. At that time six

irrigation districts (Thompson, 1929, p. 291) were formed. Drought
conditions beginning in 1894 caused.the early failuie of virtually
all of this development. -

Although in the early 1880's it was discovered that flowing
wells could be obtained in the central part of Antélope Valley, pump-
ing water from wells for irrigation was not practiced on a large scale
until about 1900 (Thompson, 1929, p. 294), when the use of turbine
pumping plants was initiated. Development of ground water for irriga-
tion was slow, as shown by the fact that in 1909 fewer than kO wells
out of a total 6f about 350 listed by Jﬁhnson in Antelope Velley
(l9il, P- 70) were equipped with pumps. However, many of the wells
in the lower parts of the valley weré artesian and water from these
Tlowed onto the land for use.

By 1919 an estimated total of 500 wells had been drilled in
Antelope Valley (Thompson, 1929, p. 29%). About 250 of these were
equipped with improved models of turbine pumps, and most were driven

by electric motors.
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Development of ground water continued until about 1930 when
the general economic depression slowed development for several years.
ﬁxpansion of irrigation was resumed in 1934, but no marked growth
occurred until after 1940 (Snyder, 1955, p. 16).

In the years during and following World War II, the development
of ground water in the AVEK area was extensive and rapid. Not only
was the growth of irrigation large, but urban expansion which resulted
from the growth of the military installations also was rapid. In 1940
almost 600 wells equipped with pumps were used in Antelope Vallej, but
by 1950 there were more than 1,000 (snyder, 1955, p. 17). | About 200
wells having rela.t-ivglyA large yields have been- constructed in Antelope
éa,lley since 1950, but some of these were installed to replace older
wells whj;ch were no longer adeq_uate.

Thompson (1929, p. 209) included data for only 57 wells in
Fremont Valley in 1919. In 1958 there were 370 wells (Dutcher, 1959,
p- 13) in tﬁat part of Fremont Valley north of the Muroc fault, and
in the adjoining northeastern part of Antelope Valley. Only about
10 percent of these had:q.lu'se Yields, .. and most were located in the
vicinity of Koehn lake or Califaornis City. South of the Muraoc fauit
only ebout 10 wells, of a total of nearly 300, were used for irriga-
‘tion during tﬁe period 1954-58 (Ximkel and Dﬁt‘cher, 1960, p. 7), |

" mainly in the vicinity of Willow Springs.
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As irrigated agriculture has expanded in the AVEK area, pumping
from ground-water storage has increased greatly and an overdraft
condition has become increasingly serious. Snyder (1955, p. 61-95)
estimated the overdraft in Antelope Valley during the period 192k-51,
based on the consumptive requirements for crops and electrical power.
He then related the change in ground water in storage to total pumpage
and projected the expected decline in the water table to 1979 for four
sets of assumed developmental conditions (Sayder, 1955, table 5.2,

P. 93). Thus, an inference is made that water levels in wells ulti-
mately determine the practical economic development of ground water.
Snyder (1955, p. 128) sets an economic limit of pumping in Antelope
Valley at about S00 feet, a depth considered reasonable under existing
econcmic conditions. Using only the average depth to the water levels
in one of the most highly developed parts of Antelope Valley, a trend
in the rate of water-level decline is shown on figure 3. The curve
smoothly drawn through points of average historic water levels in wells
clea.rly demonstrates a lang-tem downward trend in wa.ter leve*s. "‘he
dashed projection of the curve (f‘ig. 3) shows the ap;mximate rate
of decline if water 15 not imported into the basin. If the decline
continues as projected and 500 feet proves a limiting depth, pumping
will become too costly by 1985 and will be discontinued. The dotted
mojection shows the approximate water-level decline, asauming that
Y it wiTh B el LAb15 +6 aTlavinte some of the arart by sup. -

plying urban needs in Antelcpe Valley beginning in about 1972. This
simple meanner of demonstrating overdraft and predicting by extrapolation .
when pumping lifts may approach an economic limit ;s also applicable in
other parts of the area.
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The graphs for North Muroc, California City, and Koehn subunits
(fig. 4) show various rates of water-level decline in these pumped
areas. In the North Muroc subunit the rate of decline is small to
ncderate and results largely from pumping for industrial or militery
use and only lim;ted domestic use. In the California City subuait
the rate of water-level decline is greater and the decline now
results mostly from pumping for urben use, although large-scale pump-
ing for irrigation was common prior to 19€0. The rate of water-level
decline in the Koehn subunit is slightly greater than in the
Californie City subunit and pumping for irrigaticn causes most of
this. Depth to water iritlally was deeper in the California City
subunit and the economlic pumping limit will be reached earlier there

than in the Koehn or North Muroc suburnits.
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Future Water Regquirements

Irrigated agriculture in the area is expected to decrease in the
future as a result of the continuing decline of water levels which

. w:Lll gvenﬁually -approach ’;he eeonomi.c pqmping li:.nt. 'L'he agr;m}.tuml

weter requirements Vil Be supplied with ground watér until the
economic return from crops will no longer Justify the pumping costs.
Moreover, the cost of the imported water, probasbly about $60 per
acre-foot, may be too high for agricultural use. The present net

a@icnltm& water requirmnts are estima.tad to be more than 200,000

Ve ,«-u;v;‘;- LTI RO TS e AWM e -~y

acre-feet annually, these requirements probablq wil.}. decrease to a’bout h
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100,000 acre—feet by 1990 and to about h0,000‘acre-feet by 2020, accord-

ing to estimates made by the California Department of Water Resources
(1959, table 11, p. 78) for a region larger than the AVEK ares but
including the AVEK area.

Future water requirements for urban use in the aree are expeéted
to increase greatly, based on a pryoJected increase in population. The
urdban requirements in 1970 may be about 20,060 acre-feet; in 1980,
about 65,000 acre~feet; and in 1990, about 120,000 acre-feet (estimates
adapted from those for an area including AVEK and the Mojave River aree
to the és.st; California Department of Water Resources, 1959, table 8,
p. 76). The urban requirements for water are to be met largely by
importing water, and ultimately ﬁrtually all water for urban use may

come from outside the area.



The Antelope Valley-East Kern Water Agency has contracted for
delivery of imported water to meet the above estimated urban require-
ments. Beginning in 1972 the Agency will receive 20,000 scre-feet
annually and the quantity delivered will be increased periodically
until 1990, when 120,000 acre-feet will be delivered annually tovthe
Agency. Probable population érowth after 1990 would create a demand
for water %n addition to the gnnualvmaximum of 120,000 acre-feet

jincluded in the present contracted agreements.
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Relation of Water Supply to Water Rights

In the combined basin of Antelope and Fremont Valleys the economy
has long been sustained by pumping water for beneficial use, principally
irrigation. In effect, the economic growth of the area has been made
possible by a form of mining--the depletion of a large ground-water
reservoir by pumping from many wells. Thus, in the AVEK area, the
ground-water reserves are being depleted by annually pumping water
greatly in excess of the natural recharge. The resulting depletion of
the reserve in storage, in many respects, is similar to the depletion
of petroleum in an oilfield. We are accustomed to the certain depletion
of our petroleum reserves, as pumping progresses, but most of us think
of our wat?r supply in terms of its being & renewable resource which
will be available for ude "annually and forever."

Because in the AVEK area not all the ground water being used is
pumped from a perennial supply, many problems are caused by the

continuously dwindling reserve of water stored in the basins. One of
the most important problems concerns whether or nof all wvell owners

/)

have the right to pump ground water unrestrainedly.until the dwindling

reserve is exhausted or until water is imported to supplement the

supply.
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Because the Antelope Valley and Fremont Valley basins are
hydrologically connected at two places along their common boundary,
the right of any uéer to pump from either basin, if the water supply
is insufficient, might be limited legally to his correlative share of
the total supply available. Of course, water rights can be determined
only by the courts; the consideration of water rights is beyond the
scope of this report, which is to investig;te the geologic and
hydrologic features of the ground-water basins in the AVEK area.
However, in planning for the ultimate development of the area, water
rights eventually must be considered, and the program finally selected
should be compatible with the legal rights to the use of water.

)
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) 'Clizﬁ‘ate |

(Pr—eci]‘gi'ta;;ionl

The Antelope Valley-Bast Kern area 1s predominantly arid but
has a wide range of precipitation.within its drainmage boundaries,
An apalysis of the precipitetion ef a region must include studiles
of its time and aresl distribution which involves the variatien of
mean aanual values from year to-year, the distributien of rainfall
within the year, intensities of precipitation, and the varietion of
all these preceding:characteristies with respect to location.

Mesan annual precipitation in the AVEK area not only varies
greatly from year to year but from place to place, an attribute

comon to most arid regions.



Average geographic distribution.--In the valley area, the

long~-term average annual precipitation exceeds 10 inches in only
a small regiocn near the western apex. About 930 équare miles
receives between 4 and 5 inches of precipitation, most of which
falls as rain; about 2,500 square miles has less than 10 inches,
on the average. The precipitation is greater on the bordering
uplands than on the valley floors. The mean annuel precipitation
is more than L0 inches in & small area at high altitude in the
.San Gabriel Mountains, but decreases to about 10 inches with
decreasing altitude. The geographic distribution of precipitation

is shown on figure 5 and in table 2.
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Table 2.--Areal distribution of mean annusnl precipitation
in Antelope and Fremecnt Valleys

Area receiving less than the indiceted precipitation
Pre?igizzzﬁon Antelope Valley Fremont Valley Combined

Sq. mi.| Percent| Sq. mi.| Percent { Sq. mi.| Percent
45 2,l20 100 880 100 3,300 100
25 . 2,391 98.8 3,211 9%5.1
2 | 8880 100
20 2,372 98.0 86k  98.18 3,236  98.1
15 2,224 91.9 806 91.58 3,030  91.8
10 1,909  78.9 595 €7.6 2,506  75.9
7 1,353 55.9 506 57.5 1,859 56.3
5 723  29.9 21 2k.0 93k 28.3
k.S 0 0 0 0 ¢ C

a. Egtimated.



Average seasopal distribution.--The monthly distribution of

precipitation at Mojave and Palmdaiz and to thes west is similar to
that along the Pacific Coast and is shown on figure 6. Almost 80
percent of the annusl total occurs generallywduring the months
December through March, ard less than 10 percent comes in the pgriod
Méy through September. In the eastern end of the valley there is s
8light tendency for the time distribution of precipitation fo be less
subject to the coastal regime and to show some characteristics simi-
lar to those of the lower desertvregion to the southeast, with a
larger proportion of amnual precipitation coming as the result of
summer thunderstdrms. As & rule, the seasonal distribution is

quite consistent. During the 55-year periocd 1876-1960, for which
U.S. Weather Bureau records of precipitation at Mojave are avail-
able, nc year had more than 1.85 inches of rain during the € menths,
April to September; Guring 13 of the 55 years nc measurable rain fell
during this 6-montﬁ period. However, intense summer thunderstorms
sometimes occur, causing a high percenmtage of the rainfall to collect

in streams and run off over the land surface.
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Variations from average.-<There 1s considerable variztion in

the annual precipitation from year to year as shown on figure 7.
While the curve of figure 7 ié typical of the valley parts of the
area, it is likely that the relationship is somewhat flatter in
regions of high altitude with greater precipitation and probebly is
slightly steeper in the driest regions. In other words, the vari-
ability of amnual precipitation, expressed as a percent of the mean,
is generally greatest in regions of low average precipitation. The
record at Mojave may be typical for the i'egion and shows that in
about 20 percent of the years the annual preeipitation is more than
50 percent greater than the long-term mean and in 25 percent of the
years the total is less than 50 percent of the mean.

At Mojave -thé longest period of record when no measurable
precipitation occurred was during the 19 months from March 1882 to
September 1833. This includes the only December-March period with-
out rain and two rainless summer periocds, which are less rare. The
wettest period of similar length *was‘ the 16-month period from
December 1942 to March 194k, which included two rainy winters and a

\

dry summer. The total precipitation was 21.54 inches. L
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Eveporation

The average annual evaporation varles greatly from place to
place in the AVEK area, depending largely on the eltitude, and from
month to month as the seasons change. At a given place, however,
the monthly evaporatiom is fairly uniform from year to year. Recor@s
of daily evaporation at the Backus Ranch (south of Mojave, fig. 8)
are available for the period 1939-59, and tﬁis station is probably
fairly‘representative of the valley lands; the evaporation is-prob-
ably grea;er than in the highest parts of the valleys and probably
is somewhat less than would be recorded in the lowest areas.
~ The annual evaporation is very large and during the period
1939-5§ varied between a minimum qf 104.6 inches in 1952 to a maxi-
mm of 128.8 inches in 1940; the average was 114 inches annually.

" The average monthly maximuﬁ and minimum evaporation at the
Backus Ranch is shown on figure 8. The graph shows that the average
evaporation is greatest in July--about 16.8 inches--and least in

January when it is about 2.8 inches.
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Net Water Supply from the Atmosphere

The average monthly precipitation at Backus Ranch is shown on
figure 8 also, so that a comparison between average precipitation
and average evaporation for at least one station could easily be
made. That graph shows clearly that the average monthly precipita-
tion is less than the minimm monthly evaporation, even during the
wettest season--December through Februasry. Thus, based on averages
alone, precipitation never exceeds potential evaporation in the
desert valleys of the AVEK area, and there is a continucus net
deficiency of water from the atmosphere.

Formmtelygxor the area, averages alone are rather meaningless
and there are short periods when there is a relative surplus of
water when precipitation does exceed evaporation, when runoff occurs,

end vhen recharge to the ground-water basins is made possible.
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Storms

3,

Records of daily and monthly precipitation at Palmdale for the
30-year period 1933-62 show that scme storms bring frem 4 to 6
inches of rainfall during a 3- to Y-dgy pericd’ and may be expected
occasionally during the winter months. Excepticnal sterms during

the 30 years are listed below:

Storm precipitetion Greatest l-day
Date (inches) precipitation
(inches)

© 1934 Octover 18 1.63 al.f3
1935 August 25-27 1.28 .52
1936 TDecember 25-31 3.71 1.32
1938 Feb. 28 - Mar, k4 5.57 2.39
December 14-22 4,76 1.07
1939 September 25, 26 1.62 2l.02
1941 March 1-5 2.76 1.28
19k2 August 10 1.05 al.05
1943 January 22-27 5.43 2.ko
December 10-12 4,51 a3.k3
1944  February 20-26 6.61 a2.k3
November 1C-15 2.76 1.11
1946 November 12-1k 2.8k al.63
1952 Jenuary 13-18 6.0k a2. by
1953 April 1-7 2.26 a.88
1962 February 7-16 h.27 1.22

—

a. Highest deily precipitation for month during 20-year pericd.
All of the dates listed mark fhe occurrence of area-wide general
storms except that of August 1C, 1942, which was a locel thunderstorm
during a pericd in which conditions favorable to convective thunder-
storms were general taroughout the desert region.
It is the storms of this type which bring water tc the area in
quantities great enough to create a teﬁporany surplus, cause surfece

runoff, and result in recharge to ground water.
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Surface wWater

Contributing Basins and their Runoff Characteristies

The basins of Big Rock and Little Rock Creeks contribute a
substantial part of the runoff which enters Antelope Valley.‘ The
ocutflow at the canyon mouths of these two streams has been measured
for more than 30 years at two gaging stations (fig. 2) located
where virtually =ll outflow from an area aof 72 square miles must
pass as surface flow. '

Little Rock Creek drains a2 basin of‘h9 square miles above the
gaging station on the slo;e of the San Gabriel Mountains. Altitude
af the}gage is about 3,400 feet, and altitudes along the southern
draipnage boundary are from 5,000 to 8,000 feet.

Big Rock Creek drains a basin of 23 square miles above the
gaging station east of and adlacent to Little Rock Creek basin.

The southwest and southeast sides are along the San Gabriel divide

at altitudes ranging from 7,000 to 9,400 feet.
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The location of the two basins relative to the mountains, the
chific Ocean, and the prevailing movement of air masses, together
vith their sltitude, ‘results in a climatic regimen and associated
vegetal and erosional characteristics peculiar to stream basins in
aouthern California. In same parts of the basins at altitudes above
about 6,000 feet the mean annual snowfall is more than 80 1ﬁches, and
some exceptioné.l’ly wet years may produce much greater totals; excep-
tionally deep snow cover sometimes is preserved for several weeks. On
April 1, 1962, after some loss by melting, a snow pack more than 70
inches deep (vater content more than 30 1nches) was measured at an
altitude cf about 7,500 feet near Islip Mountain in the Big Rock Creek
basin.

In the mountain basins runoff varies from & smell percentage of
precipitation in dry years tc a much larger percentage In wet years.
This ijndicates that there is more variation in runoff from year to year,
expressed as percent of mean, than exists in precipitation, Figure 9
shows a generalized frequency distribution of annual runoff from moun-
tain basins and corfirme that this is the case. Figure 9 is based on
the records of Big Rock and Little Rock Creeks and is a "}og-normal"
distribution. The variation in precipitation from year t'o yeaer at a

typical valley-floor location was shown on figure 7. Because of the
high altitude of the basins, the distribution of enmual precipitation,
would be flatter {less variation from yesr to year) than that shown on

figure 7, and if data were availadble for making ccmparisons, the differ-
ence between variations in precipitation and runoff would be even more

pronounced.
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The 88 square miles included above the gaging stations in the
Big Rock Creek, Little Rock Creek, and Oak Creek drainage basins are
mostly above the U4,000-fcct comtour and include the region subjact
to heaviest precipitation. Average annual runoff from these basins
totals slightly less than 24,000 acre-feet. The records of precipi-
tation and runoff in the Big Rock Creek basin indicate that during a
year when the basin-wide average precipitation is 10 inches (12,200
acre-feet?, about 8 percent or 1,000 acre-feet runs off. TDuring ;
year when the precipitation is 45 inches (55,000 acre-feet), about
52 péycent or 28,600 acre-feet runs off. The mean enaual quantities
of runoff for 1958, a wet year, and 1961, a dry year, at both Big
Rock and Little Rock Creek§ are in reasonably gocd agreement with
this relationship. Very few individual years will exactly cé}re-
spond to this relationship because runoff alsc varies greatly with
the manner of occurrence cof the precipitation. Straight-line inter-
polation of these relative asmounts of precipitation and the expect-
able percent which may appear as runoff is justifiable and can be
used for maxing estimates of the precipitation-runcff relationship;
this method has been applied by usipg the precipitation data to

estimate runcoff from the mountains that border Antelope and Fremont

Valleys.
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Isohyetal maps and streamflow records for the two Pock Creek

basins have been campared for the long-term mean, for ore wei year

(lo:Q\
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long-term mean

Little Rock Creek basin:

Mean annual precipitatio e v e e s

Mean annual runoff . . .
g

Big Reek Creek basin:
Mean annual precipitation
Mean amnusl runcff , .

1358

Iittle Reck Créek basin:
Precipitation for ,the year

Resulting runoff—/

- . . .

Big Rock Creek basin:
Precipitaticn for the year
Resulting runoff . . . . .

1961

Little Rock Creek basin:
Precipitation for the year
Resulting runoff . . . . .

Big Rock Creek basin:
Precipitation for the year
Resulting runcff . . . . .

/

and for one dry year (1961), with the following resulis:

21.2 inckes
4.5 inches
(21 percent)

28.1 inche=s
9.0 inches
{32 percent)

28.6 inches
11.3 inches
(39 percent)

42,2 inches
19.8 inches
(L7 percent)

8.3 inches
.49 inch
(5.9 percent)

11.5 inches
. 1.05 inches
(2.1 percent)

1.
basin.

2. Runoff adjusted for base flow
prior to the period of reference. For
adjustment was not necessary.

Total precipitation expressed

48

as average depth over entire

resulting from precipitation
mean annual runoff, this



These values show that total precipitation varies frcm less than
one-half the average to one and one-hslf times the average, while
runoff, being a residual, variesﬂfrom about one-fenth of the average
to more than twice the average. The variation in runcff between wet
and dry years probably is even greater for most of tﬁe area contrib-
uting to Antelope and Fremcrt Valleys, and of ccurse the total runoff
in inches for most of the area 1s considerably less than that from
the Rock Creek basins.

Oak Creek is the northernmost important tributary to Antelope
Valley and drains the southeast slope of the Tehachapi Range. Five
years of record are available (1958-62) from a gaging station at an
altitude of about h,lOOeret where flow is present during most of
the year, but only 2 miles downstream the channel is usually dry.

The area of the basin above the gage iIs 15.8 square miles and rises
to an altitude of almost 8,000 feet. Records of runoff for 1958,
"1961, and 1962, and estimates of precipitation based on Weather

Bureau records from a nearby station provide the following information:

~3

Year Precipitation Runoff ' Runoff, percent
(inches) (inches) of precipitation
1958 15.7 . 1.84 12
1961 7.2 . .058 . .8
1962 10.0 1.02 . 10
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Baged-cn the short period of record, it is reasonable to assume
that long-term precipitation may averagé about 12 inches, and runoff
at the Ozk Creek gage may average 1.2 incnes, or 1,000 acre-fzet
(10 percent of precipitation).

Most of the runoff to Fremont Valley 1is derived from these
tasins:

Cottonwcod Creek, drainage area about 17> sq. ai.
(in Jawbon= Canyon)

Cachie Creek, drainage area about 110 sq. mi.
Redrock Wash, drainage area about 30 sq. mi.
Pine Trze Creek, . dralnage area about 34 sq. mi.

Last Chance Wash, drainasge area about 24 sq. mi.

None of these basins produces surface flow zxcept for shor
periods following winter storms (sometimes for perhaps a few weeks)
in exceptionally wet years, or during or immediately after the
occasiénal intense sumner convactive storms. Sucn storms sometimes
bring several thousand acre-feet of runoff onto the valley floor in
short periods of € hours or l=ss. vhen cutflow ocecurs ia this
mapner it usually carries a heavy lcad of cediment, and often spreads
over a wide area on the alluvial fans--sometimes part of 1t reaches
the surface of Xoehn lske. P=rcolation into the ground-water aqui-
fers is thus enhanced, but so is evaporation. Only & small propor-
tion of such runoff is believed to reach the water table aad contrib-

ute to useful ground water.
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The two lérge basins, those of Cache and Cottonwood Creeks,
include fairly large and relatively ‘level upland valleys which
appear to support a vegetation that may consume most of the available
moisture. These basins show little evidence of surface outflow.
It appears that sizable flow into the valley may usually represent
runoff from only that precipitation which falls on the southeastern
spurs of the lower ranges which separate the upper basin valleys from

Premont Valley proper.
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- " Net Supply

Surfaceirunoff can, in éhéo;y, be }n}ercepted and either be used
almost immediate;y or stored uﬁder_evéﬁoratiqn-free.conditions,V}hus
tq.a large gegree avolding loss by evaporaticn. The loss of p;egipi-
tation by evaporat;qn from tbe soil mantlgwcan ®Be changed bul li;t}e,

- -

however, without cauzing a change in the natural balance now exist-

i

ing between climate and plant life.
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Az was previcusly stated, heavy winter precipitaticn at hig

ufficient to cause runoff. Th
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altitudes often ceccurs at a rate
ameunt of runoff depends cn the rate and amount cf precipitation and
on antecedent condicioas; some moisture goess to rechargs ground water

and to increase soil-moisture coatent. Almost every year encugh
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is retained to 2aable = relatively flourishing forest to
exist in the mountains at altizudes of 5,000 to £,000 fe2t or higher.

Here the slopes are fairly steep, however, and there ar

@]
142]
g
¢/
5
D
)
@

of impermeable rcck. These conditions lead to fairly high evapo-
transpiration rates, as well as relatively high amounté of surface
runoff, but small losses due to direct evaporation. As a result‘of
these climatic and topographic factors Big Reck, Little Rock, and Oak
Creeks usuelly have flow above the 4,000-foot contour. This runoff
from the high, 3teep perimeter of the AVEK area %s found intermittently
along almost all parts of the surroundiag slopes during wetter-than-
average winter seasons. TIFremont Valley receives less winter runc?f
than does Antelcpe Valley, and a somewhat higier percentage of its
runoff comes from surmer thunderstorms. The detacngd buttes and
ranges of low hills which rise above the éeneral level of the alliu-
vial plains have only slightly ﬁore precipitation than the lowlands;
tois increased precipitation 1s not enough to have ahy effect; axcept
on rare occasions, and only where very rocky steep slcpes cause rapid

runoff from random swmer thundershowers.
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All surface runoff and the water discharged from springs along
the valley perimeter Mes its way toward lower altitudes where there
are alluvial deposits and the slopes become gentler. As the flow
descends it has more opportunity to seep into the permeable deposits,
dbut evaporation also bef:omes greater. The lack of a protective vege-
tal cover all;ws evaporation from the soil surface to progress as long
as moisture remains which can be lifted to the surface by solar energy.
" Logses from surface flow under these conditions are so great that only
rarely does streamflow continue below about the 3 ?Soo-foot altitude.
However, during exceptionally wet seasons flow may extend well cut onto
the valley floor, as 1s indicated by the long distributaries that extend
valleyward from the canycuns of Big Rock and some other creeks.

Precipitation which falls on the valley floor is usually subjected
imnediately to high losses fram evaporation and transpiration; neverthe-
less, runoff occasionally originates on or crosses the valley floor and
sometimes reaches the playas. The lenses and layers of alluvium and
lake deposits which underlie the playas are nearly impermeable and prob-
ably very little surface water ever reaches any of the aquifers of the
valley where these exist beneath the playa. Nearly all water which
reaches the playas is eventually lost by evaporation.

It may be seen, from this discm;im of weater losses, that they
are influenced by many hydrologic factors, and vary considerably in

time and from place to place.
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Flcods

The flood history of Antelope and Fremont Valleys is largely
unkzoown, a condition common to most desert arees. The stratification
of weter-borne depcsits in canyons and the debris-strewn outwashes
below many of the canyon mouths are evidence of the large flows that
must bave‘occurred ir the past. Occasional floods during the histor-
ical pericd of about the past 90 years have caused erosion and sedi-
ment deposition, as well as inconvenience and sometimes evasn daager
or disaster to man.

Available streamflow data, togéther with less reliable records
such &s newspaper accounts and observations of residents, serve ,
mainly to point out our lack of knowledge of the flood potential. At
scattered points, measurements of precipitation have been made for
many yeers, but most of these provide only daily valuves and in desert .
regions =2re usually not good criteria for estimating the potentiasl of
major floods. These measurements g2nerally have been made in popu-
lated areas rather than in the mountainous regions which are the
principal source of damaging runoff. At present the only avallable
records of streamflow waich are of sufficient length to be useful in
an analysils of flood events, on & fregquency basis, are those from

Little Rock and Big Rock Creeks.
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The peak recorded discharge on both of these streams was in
March 1938, and from both basins wa.s s.bcu; 350 cubic feet per second
for eachzsqua.re mile of drainage aree. It is probable that, on the
average, discharge of this magnitude may occur at intervals sepa.rated-
by periods of 30 years or~more. It was not possﬁ:ble to make a
comprehensive analysis of these records within tt:;e short vtime available
for this interim report, and a baéin-vidz study of the frequency and
magnitude of f];ood events in An‘belcpe and Fremont Valleys cannot be
completed without thé collection of data from several representative

key areas for a period of at least 5 or 10 years.
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Summary ard Need for Additional Deta

On the preceding pages are described some characteristics of the
surface~-water hydrology of Antelcope and Fremont Valleys. Data aveil-
able presently are suflicient to provide a fair estimate of long-temm
average anrual precipitation in t..e cambined basin, tc permit somewhat
poorer estimatez of anmial muncff, and to provide only the pcorestygf
estimates of tctal ground-water recharge. Very little can be done in
the analysis of potential flcod hazard cutside the regions affected
by Big RBecck and Little Rock Creeks until data are obtained. The
locale of the study possesses yearly precipitation variations greater
than those of almost any other region in the nation, and therefore it
will be necessary to measure the extent of these variatiomrs for a
relatively long pericd before reasonably accurate estimates of long-
term means can be made. Variationvin the climatic and environmental
factors from place tc place within the basins is great; this veria-
tion results in a need for data from many lccations. Some surface-
wafer problems have been reccgnized and others mey be reccgnized in

he future. The known hydrologic characteristics of the basin bave
been described, as have been the analyticai procedures now being used
in hydroleogic investigations to formulate snswers. Ba;ed oo the
present data availlable and an appraisal of probable future aeceds for
data in the AVEIK area, the following sugzestions are made peritaining

to furtner work in the area:
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1. The installation and operation of flood hydrograph recorders

at seven locations during a period of at least 10 years:

ga

Amargosa Creek in Leona Valley.

Spencer Canyon Creck at Route 138.

Cottonwood Creek below West Antelope Aqueduct Station.
Cache Creek at Aqueduct spillway.

Cottonwood Creek at Jawbone Siphon.

Last Chance Creek near Garlock.

Goler Creek near Garlock.

2. Establishment and operation of recording rain gages in the

basins of the streams listed under items lc, le, 1f, and lg,

above.

3. Infiltration tests at selected points near the western and

southern margins of the valleys.

4. Studies to determine the water losses due to evaporation from

the playa surfaces and lowland areas.

5. Investigation, as circumstances dictate, of sizable runoff

events occurring at ungaged locations.

Data obtained from the suggested program would aid in the evaluation

of flood hazards, and might lead to some refinement in. the estimate of

mean annual recharge. These suggestions for extensions of the data-

collection program are beyond the scépe of the present project, but the data

would have great value to those who are charged with solving problems in

Antelope and Fremont Valleys and are concerned with :he economy of the area.

An expansion in the economy of the basin is almost inevitable and any

expansion of activity in this arid area will require foresight on the part

of water-management planners who must anticipate the needs for hydrologic

data during future years.

38



y. T NP ’a ,....-.;

Geology

Consclidated rocks, Tertiary and older in age, form the mountains
and hills in the area. These rocks form the boundaries of ground-
water basins and locally bodies of comsolidated rocks, largely buriegi, T

separate subunits within the basins. The various consolidated rockféV o

; -

are shown as a unit on the geologic map (£ig. 10) because of their =
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valleys (fig. 10) and locally are more than 1,000 feet 1n thickness.
Meny faults border the area and several transect the grounq-
water basins and form barriers to ground-water flow between several
of the ground-water basins or units of the area. Frictional heat and
pressure caused by movement alcong the f?.ults have made the unconsoli-
dated materials less permeable and in st{:me instances very r_:garly
imperviocus to water. These barriers form the physical boundaries
between the ground-water basins and subunits. Many of these features
are not visible at the surface, but they are indicated by disparities
in the wé.ter levels on opposite sides of the 'fa.u.lt. 'Ehere;fore, where
reliable data on water levels in wells are available, concealed traces

of fault barriers can be approximately shown and mapped with reason-

able accuracy.
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Conceéled traces of several such faults‘have been determined
from water-level data. The Randsburg-Mojave i’aﬁl‘b is concealed
(£ig. 10) throughout most of 1ts length, but the disparity of water
lev'elsJ in several places shows the approximate position of its traqe.
The Neenach fault, shown om figure 10 trending west-southwesterly
through the west-central part of Antelope Velley, is postulated to
exist solely on the basié of water-level disparities. A part of the
trace of the Muroc fault was delineated by a large water-level dis-
parity along its northwestern extent. Several other less prominent
- barriers, presumed to be faults, exist in the ares.

_Sme faults do not now appear to be barriers fo ground-water
movenent. One notable example is the concealed branch of the
Garlock fault beneath Koehn Iake. However, that particular fault
may act as a barrier to water if pumping from the basin continues
to lower the water levels and change the direction of ground-water

novement.



Consolidated Rocks

The consolidated rocks include the igneous and metamorphic rocks
which constitute the basement complex of pre-Tertiary age and sedimentary
and volcanic rocks of Tertiary age. The sedimentary rocks of Tertiary age
are continental and marine in origin. Most of the volcanic rocks are

interbedded with the sedimentary rocks of continental origin.

STt g - Bt

m msolidsﬁd ruek: of Tcrtisry axe arc lmlly u nmch as’
1,500 feet thick, as shown by a few logs of deep exploratory mms,[f"-
but these rocks are absent in much of the area and beneath large
parts of the valleys the unconsélidated deposits rest on the basement
complex.

The ignecus and metamorphic rocks are nearly impermeable except
locally where they are deeply weathered; these rocks yleld very small
qua.x;tities of water to wells and springs. The consolidated rocks of
Tertiary age are also poorly permeable and yield little water to

wells.
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Unconsolidated Deposits

The unconsolidated depositsAof the area include the o;der allu-
vium, playa deposits, and the undiffeféntiated éurficial deposité
consisting of younger alluvium, lakeshore deposits, and windblown
send. These contain ground water and ere the major water-ylelding
deposits of the area.

The older alluvium consists of gravel, sand, silt, and clay
deposited mainly in older alluvial fans and stream channels: Most of
it is Pleistocene in age, but the lower part of the depcsit locally is
probably Pliocene in age.

The older alluvium ranges in thickness from about 50 to as much
as 1,900 feet. It constitutes almost the full thickness of the uncon-
solidated deposits, except for materials of Recent age which are 20 to
as much as 200 feet thick locally. Variations in the thickness of
unconsolidated deposits (largely older alluvium) are shown on the
geologic sections (figa. 11 through 15).

Along section A-A' (fig. 11) the maximm thickness of the uacon-
solidated deposits is 1,800 feet in the structural depression Qest of
Little Buttes (fig. 10) and 1,400 feet southeast of Lancaster.

Section 3-B' (fig. 12) shows that the unconsolidated deposits in
Fremont Valley are thickest in the central part of the valley; they
are sbout 400 feet thick west of Mojave and slightly more than 1,000

feet thick northwest of California City.



The unconsolidated deposits along section C-C' (fig. 13) reach
a m.ximm thickness of about 1,900 feet west of the intersection with
section A-A' and about 1,000 feet north of Willow Springs.

The unconsclidated deposits in the structural graben near Fair-
mont are about 1,800 feet thick as shown on section D-D' (fig. 1h4).
Also a marked thickening of these deposits, to about 1,400 feet, '
occurs at the northeast extremity of this geologic section.

Along seetion E-E' (fig. 15), the unconsolidated deposits are a
maximum of about 1,700 feet thick east of lLancaster, 1,100 feet in
the viqinity of California City, a.nd about 1,000 feet beneath the
southern part of Koehn lake. ' |

In general the older alluvium is moderstely permesble and yields
vater freely to wells where 200 feet of this saturated material 1is
" penetrated by a well. ?

The playe deposits consist mostly of clay and silt deposited in
the vicinity of dry lakes. They are fé.irly thin in most localities,
but locally, as near the south end of Rogers lake, they are about 200
Peet thick. The playe deposits are very poorly permesble and yleld

virtually no water to wells, slthough they contain some water locally.
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The alluvium, lakeshore deposits, and windblown sand are widespread,
particularly in the valley areas. These materials form the uppermost
part of the unconsolidated deposits and are generally much less than
150 feet thick and probably are mainly Recent in age. In drill
cuttings these deposits can be distinguished from the older alluvium
only with difficulty, and the two units have not been separated on the
geologlic sections. These thin deposits are above the water table in
much of the area. However, locally the alluvium contains water and

yields small quantities to shallow wells.
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Ground-Water Hydrology

Ground-Water Subdivisions

There are two major ground-water basins in the AVEK area: Antelope
Valley and FPremont Valley basins (figs. 2 and 10p). Each is turther‘
divided into subunits by faults, bodies of conscolidated rock, ground-
water divides, and locally by convenient and arbitrary bounéaries.

The preliminary findings do not conclusively show all the boundaries

of these subunits, but most of the subunits are sufficiently vell

delinested to indicate th? bounﬁgries.

The Antelope Valley basin includes West Antelope, Heenach,
Lencaster, North Muroc, end Peerless subunits (fig. 10).' Names of
"vagins® proposed by W. N. Thayer of the' Los Angeles County Flood
Control District (written communication, 1946) and used by the
Celifornis Division of Water Resources (1947) ere used for subunits,

insofar as practical, in this report. Subunits thet might exist in the

B

southeastern part of the Antelope Valley basin have not yet been
defined but data on wells in this ares are being collected and these
data should make it possible to define the boundaries of these sub-
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P T P
LRS00 W SE it s

. "\l- L “
vvvvv R R S PSR 2 A O A R

The West Antelope sudunit is bounded on the south and northwest
by congolidated rocks and on the northéast and southeast by faults
(fig. 10). The extension of the Randsburg-Mojave fault is inferred
because of the paucity of wells along the fault trace. Teast wells
to be drilled along the trace of the fault have been proposed herein
to augment existing data and determfhe the extent and position of this

important fault.

65



The Neenach subunit adjoins the West Antelope subunit along the
Randsburg-Mojave fault. The subunit is bounded on the north by the
Rosamond fault and on the south by the consolidated rocks of the
mountains. On the southeast the boundary of the subunit extends from
Antelope Buttes to the Rosamond fault following the body of consoli-
dated rock, largely buried, trending northeasterly from Antelope
Buttes to Little Buttes, thence northward. Gaps occur in the south-
east boundary both south and north of Little Buttes and the Neenack
éubunit is interc'onxl‘é;ted .l'xydraulically with the lLancaster subunit
through these gaps. The gai;. south of Little Buttes is less than
1 mile wide, but the gap on the north 1s complex, is more than b
miles wide, a.n@. spans the {rest side of & pumping depression fbisecte;d .

P by a concealed fault which trends slightly south of west, and is-'
called, for convenience, Neenach fault (fig. 10). This concealed
fault may extend completely across the Neenach subunit ;lividiﬁg it
into separate north and south segments. Data from proposed test
dri%ling should help to deteminé if this fault is ccmtinuous: across
the subunit. Another fault, partly concealed, paralleis th_e mountain

front on the south side of the subunit and may further subdivide the

subunit (fig. 10).



The lancaster subunit is separated from the Neenach subunit by
Antelope Buttes and the buried body of consolidated rocks between
Antelope Buttes and Little Bubttes, except at narrow gaps near Little
Buttes. The lancaster subunit is bounded on the north by the
Rosamond fault, the consolidated rocks of the Rosamond Hills, and a
bedrock body which is mostly buried beneath the northern part of
Rogers Lake (fig. 15). The approximate eastern boundary of the sub-
unit is the consolidated rocks of the hills along the east edge of
Antelope Valley. The southern boundary of the subunit from Palmdale
westward is the consolidated rock of the mountains. The southern
boundary eastward from Palmdale has not been determined, but the
available data tend to indicate the presence of a complex system of
en echelon faults in the area, each trending northwestward.

The North Muroc subunit is separated from the Lancaster subunit
by the body of consolidated rock that is mostly buried beneath the
northern part of Rogers lske playa. The crest of this bedrock
barrier is locally a f=w feet below the water table (fig. 15) and
the two subunits are Joined through these thin, saturated intervals
of unconsolidated deposits.

The approximate boundaries of the North Muroc subunit on the
west, north, east, and southeast sides are discontinuous consolidated
rocks of the hills flanking the subunit, and gaps occur ia three
places where the subunit is connected with other ground-water sub-
units and basins. Thus, the subunit Joins the California City and

Peerless subunits through gaps in the northern boundary.
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The Peerless subunit Joins the North Muroc subunit through thev
alluviated gep centered in secs. 11l and 12, T. 11 N., R. 9 W. The
approximate western and northem boundaries of the Peerless subunit
are the consolidated rocks of the hills which border the subunit on
those sides; the approximate eastern boundary is éhown by the heavy
line drawn on figure 10 which desigrates the approximate eastern
limit of important water-bearing deposits.

‘ The Fremont Valley basin includes the California City, Koehn,
Chaffee, Gloster, Osk Creek, and Willow Springs subunits. The Muroc
and Rendsburg-Mojave faults form the most important boundaries between .
the subdivisions within the basin.

The California City subunit is connected hydrolagically with the
North Murcc subunit of the AnteiOpe Valley basin through Fhe alluvi-
ated gap between Desert and Castle Buttes (fig. 10). The southwest
boundary of the California City subunit is the Muroc fault and the
consolidated rock of the hill scuth of Desért Butte. The northwest
boundary is the Randsburg-Mojave fault and the approximate eastern
boundary is the consolidated rocks of the hills arcuately linking

Castle Butte with the southwest end of the Rand Mountains.



The Koehn subunit is bounded on the southeast b)‘!t the Randsburg-
Mojave fault and the consolidated rocks of the Rand Mountains.. The
northvest boundary of the subunit is the consolidated rock of the
El Paso Mountains and a northeast-trending branch of the Garlock fault
vhich passes through Seltdale. The Koehn subunit and the Oak Creek
subunit to the southwest may be joined hydrologically, although well
data are not available to substantiate this continuity. The north-
east boundary of the Koehn subunit is arbitrarily selected as being
at the Kern-San Bernardino County line but the subunit may e;_ctend
eastward a short distance into San Bernardino County.

The Chaffee subunit is bounded on the northeast by the Muroc
fault, a common boundary with the Californis City subunit. The east-
ern and southern boundaries of the Chaffee subunit are the consolidated
rocks of the northern part of the Bissell Hills and the general east-
west line of scaf?tered hills trending through Elephant Butte projected
westward to the Randsburg-Mojave fanlt.} The southern bedrock boundary
is discontinuous and in several places along this boundary the Chaffee
subunit is hydraulically connected with the Gloster subunit. The
northwest boundary of the Chaffee subunit is the Randsburg-Mojave

fault,



The northern boundary of the Gloster subunit is the consolidated
rocks of Soledad Mountain and the general east-west line of scattered
hills trending through Elephant Butte and extended westward to the
Randsburg-Mojave fault. The east and south boundaries of the Gloster
subunit are the consolidated rocks of the southern part of the Bissell
Hills and the Rosamond Hills, The western boundary of the subunit is
partly the Randsburg-Mojave fault and partly the consolidated rock of
the butte 4 miles west of Soledad Mountain. Elsewhere, ground-water
divides extend northwest to the Ra.ndsbprg-bb,jave fault and southeast .
to the Rosamond Hills from the butte and these form the boundary of
the subunit. The Gloater and Willow Springs subunits are connected
hydrologically along the ground-water divides.

The Osk Creek subunit is bounded on the southeast by the
Randsburg-Mojave fault and on the northwest by the consolidated rock
of the Tehachapi Mountains. The northeast boundary cannot be defined
A and the unit mey be connected with the Koehn subunit. The southwest
boundary of the Oek Creek subunit is at the Cottomiood fault morth-
east of Cottonwood Creek.

The Willow Springs subunit borders the Oek Creek subunit along

the Randsburg-Mojave fault. The south boundary of the Willow Springs
subunit is at the Rosamond fault, and at the consolidated rock of Tropico
Hill and several adjacent hills. The northeast boundary of the subunit
1s the bedrock of the Rosemond Hills, the butte k miles west of Soledad
Mountain, and the ground-water divides which extend northwest and south-
east of the butte. |
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Ground-Water Occurrence and Movement

In Antelope Valley and Fremont Valley basins where the unconsoli-~
dated deposits are thick and extend 200 feet or more below the water
table, moderste yields have been obtained from deep wells that
penetrate these saturated materials.

Movement of the ground water is from areas of higher water-level
altitude into those areas of lower water-level altitude. The general
movement is at right angles to the water-level contours shown on
figure 10. In Antelope Valley basin the movement is eastward from the
vest part of the basin but in the east part of the basin it is toward
the north or northeast. This pattern of movement is complicated by
depressions in the water table where there is extensive pumping.

In Fremont Valley basin the general mcvement of ground water is
eastward and northeastward toward the Koehn lake playa. Northeast of
Koehn lake movement is southwestward, also toward the playa.

Antelope Valley basin.--In the West Antelope subunit ground water

has been developed "oy drilling wells in the southwest part of the sub-
unit. As shown by figwre let, movement of ground waberr i3 gemerally
eastward, except in the vicinity of the wells where the movement is

toward & pumping depression centered in sec. 8, T. 8 N., R. 16 W.
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In.the Neenach subunit water moves eastward. This genersasl
movement is complicated somewhat by the presence of the so-called
Neenach fault which bisects a pumping depression formed at the
northeast end of the subunit where it Joins the Iancaster subunit.
Ground water moves eastward from the Neenach subunit and westward
from the lancaster subunilt into the pumping depression.

Water occurs in the unconsolidated deposits, both the older
alluvium and the younger alluvium, in the lLancaster subunit. The
younger alluvium contains water mainly in the vicinity of the playas.

Ground vatér in the lancaster subunit moves toward the depres-
sions in the water table caused by pumping. Some water moves north-
vard into the North Muroc subunit over the bedrock barrier beneath
the north part of Rogers lake playa; in places (fig. 15) the crest
of the buried bedrock body is below the water table. Prior to the
development of ground water in the lancaster subunit, the movement
of ground water was toward the North Muroc subunit and the northward
gradient across the bedrock body under the north part of Rogers Lake

playa was steeper than it 1s now.
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In the North Muroc subunit ground water occurs in older alluvium
and possibly in the basa’. part of the younger alluvium near Rogers
lake. Ground-water movenrnt in the subunit is generally westward in
" the east part of the subunit and northward in the west pert, toward
the alluviated gap through which the subunit 1s connected with the
Fremont Valley bYasin. Pumping in the central and northern part of the
subunit has caused a shallow depression ir the water table, elongated
north-south, toward which thé ground water moves. North of this
pumping depression and within the alluviated gap wﬁich extends north-
ward into Peerless Valley, the water moves northward into the Peerless
subunit. The water-table gradient is extremely flat in most of the
North Muroc subunit and locally the direction of movement is difficult
to determine.

In the‘Peerless subunit movement of water is centripetal toward
the pumping depression in the water table centered in sec. 35,

T. 12 N., R. 9 W.
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Fremont Valley basin.--In the California City subunit of the

Fremont Valley besin the ground water moves generally northward but
locally, the vicinity of California City, it moves into depres-
sions caused by pumping (fig. 10). A small amount of water moves
across the Randsburg-Mojave fault into the Koshn subunit on the north,
mainly along the 3-mile-wide extent of the fault west of the Rand
Mountains.

In the Koehn subunit ground-water mcvement is toward the Koehn
Lake playa, the area of lowest altitude in the hydrclogic system
where ground weter discharges and is eveporated from the moist playz
surface. Ground water moves eastward in the west part of Chaffee
subunit and northward in the ecentral and east part of the subunit,
where the water-table gradient is extremely flat. Socme water moves
across the Muroc fault intc the California City subunit.

The movement of ground water in the Gloster éubunit is mainly
eastward, but east of Scledad Mountain, where the subunit borders the
Chaffee Subunit, 1t moves northward.

Movement of the ground water in the Cak Creek subunit is pre-
deminantly southeastward, but some water may move northeastward into
the Koehn subuait. ' :

In generalg ground water ian the Willow Springs subunit moves
southeastward through the aliuvium in the gap between Roszmond Hills
and Tropico Hill. éome subsurface outflow crosses the Rosamond fault,

principally east of Tropicc Hill, into the Antelope Valley basin.
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Ground-water Flow 3etween Basins

Greund water flows from the Antelope Valley basin into the
Fremont Valley basin via the alluviated gap between the consclidated
rocks of Castle Butte and nearby hills along the northeast side of
the gap, and Desert ngte and nearby hills slong the southwest side
of the gap. The narrowest alluviated part, or throat of this gap is
slightly more than 1 mile in width (secs. &, 17, and 18, 7. 11 N.,
R. 9 W.). A crude estimate.of the quantity of subflow which passes
through the throat of the gap annually is about 100 to 500 acre-feet.

Ground water flows from the Fremont Valley basin into Aotelope
Valley basin through the alluviated gep between the consolidated
rocks of Tropico Hill on the southwest and the Rosamond Hills on the
northeast, crossing the Rosamond fault near the mouth of the gap.

“me throa:b of the gap (seea. 2 amd u., T 9 u., Re 13 w,) is abcm ‘

‘e

0.5 mile wide. Subsurface flovw from Fremont Valley basin into Antelope

Valley basin is about 300 to 700 acre-feet.
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Chemical Quality of the Water

The water which cccurs in the older alluvium is generally suit-
able for domestic, irrigation, and many industrial uses. Water from
the older alluvium contains low to mofiérate concentrations of dis-
solved solids, ranging from sbout 200 to 800 ppm (parts per millicn).
I.oqa.lly higher concentrations of dissolved solids occur, where water
from yvounger alluvium has leaked into the deeper aquifers.

Ground water in the younger alluvium contains low to very high
concentrations of diésolved solids. The better water from the
younger alluvium renges in dissolved-solids contemt from 200 to Loo
ppm, whereas the poorer water ranges from about 1,000 to 28,000 or

more ppm in sand lenses beneath Koehn Iake playe.

Ground water in the Antelope Vailey basin is exceedingly variable
in chemical character, depending on the area., The quality of water in
the west and south parts of the basin 13 generally best arnd water in
the northeast part of the basin is poorest, although most of the
water of the basin contains less than 800 ppm of dissolved solids.
Locally, water largely from the shallower, yotmgér alluvium, has
concentrations of dissolveé solids ranging from 1,000 to 7 ,000 ppa.

In the Fremont Valley basin the ground water has a low to high
ccncentration of dissolved solids; concentrations range from sbout
200 ppm locelly in the Willow Springs subunit to 28,000 ppm in the
Koehn subunit near the playa. In general, the dis;olved—solids con-
tent in most of the water in Fremont Valley basin is between 4CO and
800 ppm. | | ‘
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Ground-Water Racharge

/

Almost all recharge of the ground water reservoirs of the Antelope=-
Fremont basin is by runoff from the bordering mountains. On the basis of
an analysis of the isohyetal map (fig. 5), the existing runoff, precipitatio
and evaporation data, and the relationships between topography, precipitatio
runoff, evaporation, and other factors, it is estimated that runoff to
Antelope Valley (excluding Fremont Valley) annually averages about 55,000
acre~feet from the mountain region above 4,000 feet elevation, or about 26
percent of the total average precipitation. Much of the runoff of Big
Rock and Little Rock Creeks is intercepted for use before reaching the low-
lands. Probably about 10,000 acre-feet is lost through the processes
of evapotranspiration by beneficial plants. Of the 45,000 acre-feet
remaining, further losses are incurred before ground-water recharge
is effected--losses principally through consumptive use by the scanty
riparian vegetation and by evaporation from open=-water surfaces and
moist soil surfaces. Such losses are much higher during rare wet
seasons than during other times, and are estimated to average less
than 5 percent of the annual quantity. An arbitrary loss of 1,500

acre-feet is assigned to these processes.

f
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In addifion to these losses from the runoff of the perimeter
mountains, some flow terminates in small closed basins in the San
Andreas fault zone, where it sustains rather demse plant life on the
beds of "sag pords" and is thus not available to Antelope Valley
users. However, these small ground-water reservoirs may be tapped
by wells belonging to local landowners. An arbitrary estimate of
the magnitude of such use is 500 acre-feet per year., Thus, the
estimate of an annmual runoff of 55,000 acre-feet may be reduced by
a total of about 12,000 acre-feet to cnly 43,000 acre-feet annually.

The.line of 10 inches of precipitation roughly follows the
3,500-foot contour, and the line of 15 inches of precipitation
approximates the 4,000-foot contour; an assumption was made that
about 10 percent of the precipitation falling between those altitudes
runs off to the valley. Thus, an additional 12,000 acre-feet of
runcff may be avallable but only about three-quarters of this prob-
ably percolates to ground water. Of the precipitation which falls
on the valley floor propef, the California Division of Water Rescurces
(1947; 1955) made an assumption that none percolates to the water
table. Precipitation falling at altitudes below the 3,500-foot con-
tour may average about 637,000 acre-feet per year. A maximum of one
percent, or about 6,#00 acre-feet annually is probably all that should
be considered to recharge ground water.

Estimates of mean annual ground-water recharge in Antelope Valley

are sumarized below:
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Contributing Runoff Losses Ground-water

region (acre~-feet) (acre-feet) recharge

(acre=-feet)

Area above 4,000-foot altitude 55,000 12,000 43,000
Area between 3,500-foot and :
4,000-foot altitude 12,000 3,000 9,000
Area below 3,500~foot altitude - - . 6.400
Total (Antelope Valley) ' - - 58,000

Recharge to Fremont Valley is much less than to Antelope Valley,
per unit area. Almost all runoff is from the mountains on the north-
west and these are not subjected to coastal storms as frequently as are
the San Gabriel Mountains which contribute runoff to Antelope Valley.
Mean annual precipitation on these northern ranges is less than that on
the more southerly mountains, and therefore the percent of precipitation
that remains as runoff is less. The altitude~precipitation relation
in the region contributing to Fremont Valley is not as well defined by
data as it is in the region bordering Antelope Valley, consequently the
isohyetal contours have been used to estimate the recharge characteristics
of Fremont Valley. It is assumed that in those areas where the precipitatior
is greater than 10 inches per year, about 7 percent ultimately goes to
recharge ground water; in areas having a mean annual precipitation of
7 to 10 inches per year only 3 peraent’percolates to ground water; and
in areas having less than 7 inches of precipitation only one percent
recharges ground water. Thus, the average annual ground-water recharge

to Fremont Valley may be on the arder of 18,000 acre=-feet.
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To summarize, the entire Antelope Valley~-Fremont Valley drainage
basin receives, on the average, about 1.5 million acre-feet of water a
year in the form of precipitation. Of this amount, only about 76,000
acre~feet or about 5 percent, may ultimately percolate to ground-water
reservoirs, and the remainder probably is lost by natural processes,
although perhaps 10,000 acre~feet may be consumptively used by man

“before reaching the valley floor.
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Brief Quantitative Appraisal of the Principal Aquifers

The older alluvium, the principal aquifer in the aree, is widely
distributed and in most places 1s of considerable thickness. The
unit };as & moderate permeability and, where 200 to 500 feet of the
older a.lluvimﬁ 1sA saturated, wells yield about 500 to 2,000 gpm.

A preliminary quantitative appraisal of the principa.l aquifer
of the area was made to detefmine whether it is feasj.ble to plan to
use the a.quifej: to distribute the water from place to place without
using large pipelines, or for storing imported water. The quantity
of water that will move through a cmgs-sectional ares of the aquifer
and, of more importance, the estimted‘hea.d changes some distance
awey from recharge areas are characteristics which must be estimated
in order to evaluate the capability of the aquifer to distribute the
imported water. The aquifer coefficient of tra.nsmissibility'y y I,
determined from results of aguifer tests, or estimated from specific
capacii;ies of wells, can be used to determine the quantity of water

which could be transmitted through the principal aquifer.

1. The coefficient of transmissibility of an aquifer is defined
as the réte of flow, at the prevailing water temperature, in gallons
per day, through e vertical strip of aquifer 1 foot wide, extending
the full thickness of the aquifer under a hydraulic gradient of 1

foot per foot.




1
The cocefficient of storageﬂ/, S, of an aquifer must be known in
order to determine the capability of an aquifer to store and yield

vater. The storage coefficient can be determined from pumping tests,

but values obtained for S in the region usually have been considered
uncertaln because of possible inter-aquifer leakage. This phencmenon
introduces errors into the results of tests unless corrections are

made to ccmpehsate for the leakage.

The specific yieldg/ of a water-table or nonartesian aquifer, such
as the principal aquifer in the area, is practically the same as its
coefficient of storage. The specific yield of an aquifer material can
be estimated, based on tests made in a laboratory, using similar mate-
rials. Estimates of specific yield can a&lso be made by cocmparing mate-
rials of known specific yield from similar areas, where more intensive
studies have been completed, with ﬁhose described in logs of wells in
the AVEK area. This was done for Edwards Air Force Base and vicinity
(Dutcher and Worts, 1962, p. 210-216) and these values of specific yield,
ranging from 3 to 15 percent, were used in estimating aquifer storage
capacity of the upper 50 to 200 feet of saturated materials underlying

the base and some of the adjacent areas.

l

1. The coefficient of storage of an aquifer may be defined as
the volume of water released from or taken into storage per unit
surface area of aquifer per unit change in the component of head
normal to that surface,

2. Specific yield of anjaquifer 1s defined as the ratio of
the volume of water which it will yleld by gravity to its own volume,
expressed in percent.
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Summary of available aquifer pumping tests.--Transmissibility

values for the principal aquifer have been determined graphically
from aquifer tests by two methods: (a) By analysis of drawdown
data from one or more idle observation wells near a pumped well, and
(b) by anslysis of water-level recovery data from-ag single well after
it has been pumped for & considerable length of time. The first |
method usually gives mcre reliable results. Two aquifer tests have
been made (MeClelland, 1963, p. 17-18) near wells m:/9w-3621. and
325/36E-35R1 in the area, using method (a), and one test was made at
well 8N/10W-1Cl, wherein method (b) was used. However, the test
near well 325/36E-35R1 gave inconclusive results because of incom-
plete development of the observation well.

The .results of the test at well 11N/9W-36Z1, in the North Muroc
subunit, indicated an aquifer coefficient of transmissibility of
about 90,000 gpd (gallons per day) per foot. The test results also
indicated a coefficilent of storage of 0.13. This value is the same
as the 13 percent (or expressed fractionally, 0.13) specific yield
of the aquifer estimated from materials described in logs of wells
in the area.

The results of the test of well 8N/10W-1Cl indicated an aquifer
coefficient of transmissibility of about 35,000' gpd per foot. This ’ -
test was near the south end of Rogers lake playa in the lancaster |

subunit.
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Approximate quantity of water transmitted by the aquifer.--The

aversge of all available transmissibility values for the principal
aquifer is about 65,000 gpd per foot. Although the transmissibility
of the principal aquifer deviates from this average value in many
parts of the area, the average transmissibility gives an estimate of
the capacity of the aquifer to transmit water.

The modified equation for the quantity of water which can be
transmitted through a finite part of an aquifer, based on a modifica-
tion of Darcy's law, is: |

Q= ‘I’I)I..
vhere T = transmissibility in gpd per foot = 65,000
I = average hydraulic gradient :Ln feet per mile, for the
larger more permeable parts of the aguifer, = 15;
L = length, inmiles, for any crdsa—aectional area considered.

Substituting the above values in the Darcy equation shows that

Q= 65 000 X 15 X 1 = 975,000 gpd, or nee.rly 1,100 e.cre-feet of
R e e BRI e e e " .
water per year is mnmitted through a cross- aeetioml aree 1 mi}.e

long measured normel to the direction of movement.



Adequacy of the principal aguifer as a distributor of water,--In

general, water-distribution distances are tco great, ground-water
éévement is too slow, and water movement through the principal aqui-
fer in the area is impeded in toc many places by barriers for the
aquifer to replace substantially large portiocns of a surface distribu-
tion system. Dependency on water distributicn through the aquifer
within a single ground-water subunit alsoc might not be practical, as
discussed below.

It is essential to estimate the expected hydraulic head change
within the principal aguifer which would result from recharging with
imported water in order to determiﬁe if the aquifer would serve to
distribute the water within a ground-water subunit. Therefore, the
approximate magnitude of the change in head with regard to d{stance

from the recharge site and with respect to time after recharging is

started are important considerations.
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In the principal aquifer, which has moderate permesbility, head
rise resulting from recharging with several thousands of acre-feet
of water annually would be large near the recharge site, and a mound
would build up in the vicinity of ﬁhe site. The heizht of the mound
would diminish with distance from the recharge site. kt a distance
of 2 miles the change in head caused by recharging would still be
smell after a year of recharging, and at greater distances the aﬁgunt
of change would be less. Furthermore, the net effect of tae recharge,
with regard to the declining'water levels in wells in a heavily pumped

area some dist“nce avay, would be to cause onlj 8 dec”ease in the rate

Tof the water-level decline.
Because recharge st any perticular selected site would cause

only small heed changes within most of the principel aquifer,

meeasured during a relatively short period and at & distance of

several miles from the recharge site, it is concluded that the
aquifers would not serve adequately as a means of distributing

imported water throughout this large area of complex geology.



Appraisal of Sites for Storing Imported Water

AVEK will receive its first imported water (20,000 acre-feet) in
about 1972. The quantity of water imported will be increased periodically
during the ensuing 18 years until a total of 120,000 acre-feet will be
delivered amnually to AVEK beginning in about 1990. Present plans
reportedly are for dellvery of this water thfoughout the year and at a
nearly uniform rate. On the basis of the anticipated usage, it will be
necesgsary to store about a fourth of this water, or about 30,000 acre-
feet, during periods of low demand, for use during periods of peak demand.
To do this, a surface reservoir, having a capacity of about 25,000 acre-
feet, is planned. The balance of sbout 5,000 acre-feet annually probably

should be stored underground. During some years>underg:ound storage of
more than 5,000 acre-feet probably will be desirsable.

A brief general appraisal has been made of four potential sites
where it might be feasible to store imported water in a surface reservoir.
More attention has been given to selecting suitable sites where water ]
could be recharged into ground-water basins for both temporary and long:

term storage.
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‘B{V\u—( M site near Blssell, partly on Edwards Air

Foreg Base, wo‘d store approximately 75,000 acre-feet of water
behind a\da.m about 50 ;eet high and 0.75 mile long. The crest of a
:dam,wh::; might be constructej'pt a narrow part of the canyon in
secs. 12 and 13, le,o.n., R. %ﬁ., would be at an altitude of about
2,500 f;et and’ the reservoiy?«ou;d be relatively shallow; the area of
a lake bYehind a dm at th;e proposed site would cover about 6 square
miles. Granitic rock; at the dam site and flanking & large part of
+he reservoir wcul‘:i, preclude most leakage. BRunoff through the site
is relatively small. The maiﬁ disedvantages of the site near Bissell
are: (a) Pumping wculd be necessary in order to transport water from
the prospéctive rgservoir,'ahd_(b) large losses would occur due to

evapcration from the water surface.
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Potentlal sites for storing water undergrourd.--A preliminary

Belection of sites for storing imported water underground is shown
on figure 10. The criteria used to select the sites and determine
their suitebility for ground-water recharge end storage are:

1. A land-surface altitude sufficiently high to allow surface
distribution by gravity flow from the site to the point of use.

2. The presence of permeable materials between the surface
end the water table.

3. A location where the depth to water is not more than about
400 feet in order to minimize the recovery costs.

L. Iocations where yields from wells would be at least 500 gpm.

5. Locations neer power-transmission lines or netural gas
pipelines so that power costs would be minimized.

6. An adequste storsge capacity above the weter table.

T. Locations where ground water would be impounded behind o
faults so that outflow frem the reservoir would be reduced.

8. Locations where ground-water and other develomment sare at
e minimm so that the cost of land purchases would be low and where
water recharged at the site would be aveilable for later use.

At present only two subunits appesar to be sultable repositories
or "banks" vhere water not, fully subscribed by users could be held
in long-term storage without waste and be pumped by the Agency for
use when needed. These are the Chaffee and West Antelope subunits of
Fremont Valley and Antelope Valley besins. Long-term or carryover
storage in these subunits may be very important during the first
decade or longer after water importation is started. Also, parts of

these subunits could be used for temporary storage of water underground.
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A summary of the findings of infiltrétion tests made by the
Department of Agriculture indicated an average infiltration rate
of 3 ascre-feet per wetted acre per day during 115 days of water
spreeding in Antelope Valley at the Kings Canyon percelation basin
wvest of Fairment and at. an infiltration basin near the meuth of
Cettonwood Creek. Also, a few permesbilities for surface materials
near Wagon Wheel Ranch north of Willow Springs were determined in
" the lsboratory, and these may be obtained at a later date.
Infiltratien tests would be desirable at each of the storage
sites chosen for further study in order to definitely determine if

rates of recharge would be sufficiently rapid.
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Conservative estimates for the rate of infiltration and the
probasble size of the basins needed to recharge the available water can
be mede by estimating the vertical permeability of the deposits, om the
basié of the results of the infiltration tests by the U.S. Department
of Agriculture. The average permeability at most recharge sites is
estimated to be at least 20 gpd per square foct. Therefore, a 20-acre
ares should infiltrate about 10,000 acre-feet of water during a 6-month
pericd, provided that the surface materials do not become plﬁgged with
clay and algae during steady use. This quantity compares favorably with
the values cobtained during the completed tests.

Because of probable plugging at the surface, infiltration facilities
should each include two spreading basins so that the surface of one can
be dried to eliminate algae and reconditioned while the other is in use,
Each spreading basin should have an intake capacity sufficient to carry
the flow desired during the period that recharge is underway.A

The necessity for a large storage capacity, the presence of a
barrier to impound water, and the need for only a ‘minimum of ground-
water development are of particular importance to the proposed long-

term storage reservoirs in the West Antelope and Chaffee subunits.
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The usable storage capacity of the subunits near the propcsed sites
for large-scale recharge and long-term storage is estimated to exceed
500,000 acre-feet, Duriﬂg several consecutive years any unused water, or
the entire flow of imported water, could be'stored in these reservoirs;

Ground-water development in the Chaffee subunit is limited to one
municipal well (325/36E-34E2) belonging to the Mojave Public Utility
District and several irrigation wells on the Jameson Ranch (11N/12W-26)
belonging to Monolith Portland Cement Co. Well 32S/36E-34E2 reportedly
yields about 1,650 gpm which is used to supply the city of Mojave. Data
for wells presently used at Jameson Raanch are no%t available, but the yield
of one gell formerly used in the area was about 800 gpm.

Grgundﬁwater development in the West Antelope subunit is limited
to about 12 irrigation wells, most of which belong to the Metler and

AN
Bury Ranch. ihese wells reportedly yield about S00 to 1,800 gpm.
\

/
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Areas sui?sble for storing unused water for as long as 5 to 10 years
should be located where there will be a maximum retention of water--
where losses from local pumping and outflow from the reservoir will
be at a minimnﬁ. Pault berriers, such as the Muroc fault and the probable
southwesterly extension of the Randsburg-Mojave fault, would insure a
maxirum retention of water in the reservoir by impeding outflow from
these storage units. Pumping also wopld be at a minimum. Although a
small amount of water moves across these fault barriers, the loss of
water recharged into the subunits would be far less than from areas
not flankeq by faults.. ‘

Leakage might be gre;xer where the fault barriers are above the
present water table than where they are below. Thus, more water might
move across the barriers if water levels are raised by recharging. It
is not feasible to determine this increased leakage from the prospective
long-term storage reservoirs until after water levels are raised in the
subunits behind the barriers. However, the possibility of increased
leakage is not a great problem, because most of the outflow probably
would be replaced by water recharged naturally from runoff or deep

penetration of rain.
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In addition to use of the two large ground-water subunits for
proposed long-term storage of imported water, the use of several
smaller ground-water areas as reservoirs for temporary storage of water
near places of large usage would make it possible to reduce the overall
size of the planned surface-distribution pipes. This practice of
using the ground-water storage reservoirs would also facilitate the
regulation of surface storage and the distribution of water throughout
the area., The imported water could be placed underground during seasdnal
or short periods of low demand and recovered without loss to the Agency
and used during subsequent periods of high or peak demands.

Consequently, 1Q sites, wﬁich in part overlie the West Antelope
and Chaffee subunits, have been selected for further study to determine
. if ground-water recharge and temporary storage of water in them would
be feasible. These sites are shown on figure 10 and are listed in
table 3, which also contains a synopsis of data and criteria used in
evaluating the probable relative merits of each site.

At some of the sites suggested for further study, few data were
available on which to base an eveluation. Nevertheless, in order to
limit further studies to the most promising sites, all the sites were

evaluated,and estimates regarding their suitability were made on the

¢

basis of the available data.
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Recharge Sites Proposed for Additional Study

The two large underground reservoirs in West Antelope and Chaffee
subunits may become the most important parts of the area with regard to
finding solutions to the pressing water problems of the Agency.
Ground-water oceurrence and movement, the storage capacity, and the
permeability of the deposits in these two subunits must be thoroughly
understood if the Agency plans to use these subunits in conjunction
with a large-scale program of using imported water. Therefore, these
two subunits and all 10 sites shown on figure 10 and listed in table 3
will require some further study to determine their feasibility for
use as recharge-storage reservoirs.

Por temporary storage six sites<-Cottonwood, Cache, Jackrabbit,
Wilsona, Mirage, and Aqueduct--have the most favorable hydrologic
attributes and should be given the highést priority for further study
unless eliminated from consideration by the Antelope Valley-East Kern
Water Agency because of incompatibility with the planned surface
distribution system, because the Agency may decide to use the large
Chaffee and West Antelope ground-water subunitsiin preference to the
smaller areas,or for other reasons.

Near some of these sites, such as Cottonwood, Cache, and Jackrabbit,
there are very few or no wells; therefore, test drilling and aquifer
tests might be needed to determine thelr adequacy as reservoirs and the
practical methods of recharging the imported water and recovering it

for subsequent use.
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Feasibility of using injection wells to recharge underground

reservoirs.--The primery factors to be considered in assessing
the feasibility of using wells instead of spresding basins to
recharge the aquifers are, as follows:
1. The number of wells needed and their approximate
construction and maintenance costs.
2. The type and cost of treating the water. Some treat-
ment is usumlly necessary to prevent clogging the recharge
wells.

3. The geologic conditions in the basin to be recharged

- -

In md to the tec!miell fwibmty of using recharge wells,

_ considered separately from the econamic asp-ets, tha rate of weter
" injection into & properly constructed recharge well should be about
the same as the yleld from a dischaerging well in the same area--
about 1,000 to 1,200 gpm at most of the suggest;d recharge sites.

Therefore, each well would inject about five acre-feet of water
per day or approximately 900 acre-feet during six months of
recharging activities. If 5,000 acre-feet of water were availsble
for recharge and storage in 8 ground-water reservoir, six in.jection
wells would be required.

The cost of constructing each injection well might be about

$25,000. Enough wells to recharge 5,000 acre-fest of vater ina

6-month period, therefore, might cost sbout $150,000, plus the cost

for pipelines and the distribution facilities to carry water to

these wells,
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Co@ingtion injeetion~discharge veﬁa have been used at some

recharge projects in the southwestein United States. These installa-

. tions have met with varying degrees of éuccess, bﬁt in general they
are less desirable and more expensive than recharging érmmd wvater,
by using surface basins. ‘ ~ A

Water injected through wells §h0u16 be virtually f‘r.ee of all
suspended matter to avoid clogging, which must be remedied by diffi-
.cult and expensive redeveloping programs or by. x;epla.ci.ng the wells..
Treatment of water for in.)ection by filtering is usually necessary;
this added expense is usually not necessary for recharging by surface
infiltration. .

Where geologic work indicates the presence.of beds of.' low perme-
a.bility above the water table, injection through wells may be the
only possible method of recharging the aquifers. In such areas, the
expense of injection might be warranted Pmsent geologic knowledge
of the suggested recha.rge sites does not‘indicate that in,}ection

vil_l be necessary in order fto get the water inte the &qulfers.

r""r.;
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Feasibility of recovering recharged water.--The feasibility of

recovering recharged water by pumping is dependent on: (a) The ylelds
and number of wells needed in the vicinity of the recharge-storage
sites, (b) the optimm spacing of the wells and their position with
respect to the recharge basins, and (c) the capability of the subunits
to retain the water in storage.

In those recharge-storage sites that appear to be most favorable,
~ wells 500 to 800 feet deep yield, on the average, about 1,000 to
1,200 gpm, or about 5 acre¥feet per day. During the period May
through Septemver, an average well, therefore, should yield about
900 acre-feet of water. Thus, in a storage site where it is desired

to recover 5,000 acre-feet of stored water during one season of pesk

usage, six wells would be needed.
Selecting the optimum spacings for wells is a problem ¢oncerning

mainly the economics of pipeline and power line costs, rather than
hydrology. This is not intended to infer that wells should be placed
within a few feet of each other. A logical minimum spacing for wells
might be about 500 feet. Also, wells should be positioned within or
adjacent to the recharge area in order to take adxantags of minimum
1ift in the areas of shallowest water levels. As an exsmple, if two
20-acre reéharge basins located si&e by side were used, having overall
dimensions of about 1,700 by 1,000 feet, three reccfer& wells could be
placed at 500-foot lntervals along a berm dividing the two infiltratian
basins,i and one other well could be drilled at an end of one of the

recharge basins.
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“‘he study of water resources in the Azrtelope Valley-East Kern

Hater Agency area is e.pprox:.ma.te_;y cne-half completed as of June

‘ ;L9611». Much. of the a.vai;able pertinent date have been compiled and

l'he data analysis is fa.r enough advanced te pemlt

an indicabien &

o

to what areas and tjnes of study warrant the great-

, ‘esg mphasis dunng the remaining part of the investigation. Some

- a.dditional work not original 1y pl&nned wculd be desirable.




Summary cf Work Done

The work accomplished on the water-resources study, as of June
196k, includes the following:

1. The geology of most of the ares has been compiled (fig.
10) on a preliminary bease map. Only the geology of the extreme
southern and scuthwestern mountainous parts of Antelope Valley-
Bast Kern Water Agency remains to be completed; this work 1s
aveiting the drafting of the final base map which is nearly com-
pleted. |

2. The structural boundaries of most of the ground-water
subunits heve been tentatively delineated through preliminéry
aeppreisal of water-level data.

3. The results of aveilable aquifer tests have been com-
piled and very briefly analyzed.

4, Several potential reservoir sites for surface storage
of water have been appraised briefly.

5. Rainfall, evapcration, and runoff data have been caapiled
and analyzed.

6. ©Several potential reservoirs for storing water under-
ground have been appraised.

T. The altitudes.of wells in a large area west of Rosamond

ware determined by apirit leveling.
' 8. Water-level recorders have been installed in three

wells to obtain pumping and fault-barrier effects.
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Summary of Work to be Done .

Zmphasis should be placed on evaluation of potentia; sites for
storing water underground during the remaining period of study. A
comprehensive physical description of the aquifer system 1s important
for a full evaluation of potential storage sites., The following work
remains to be done on the investigation:

1. Evaluate pertinent ground-water data presently being
collected in southeastern Antelope Valley basin as part of the
Geoloéical Survey program with the California Department of
Water Resourc§s¢

2. Colléct, field check, and evaluaté;additiénal selected
essential data on wells drilled in the northern part of the area
since availeble basic data feports on that area were completed.

3. Obtain and appraise a few selected well data in the
extreme southern and southwestern mountalnous areas of AVEK.

L. Make water-level observations, by measurement and

short-term recorde _operat*an, in the vicinity of inferred fault

M‘;ﬁm &n mm
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5. Make aquifer tests, as facilities are provided and
need is demonstrated, in the Chaffee and West Antelope subunits.

6. Appraise the many specific-capacity tests of wells in

the area.
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7. Conduct an infiltration test and perhaps an injection
test in the West Antelope subunii if facilities are provided and
the needs are demonstrated.

8. Further analyze surface-water hydrology to show flood
hazard and natural recharge mainly in western Antelope Valley.

9. Prepare a final report summarizing all the findings of
the investigations.

In addition to the work outlined above, the following work and
studies are proposed:

1. Supervision of the drilling of test wells in western
Antelope Valley (minimm of 7 test wells, $2,600; meximum of
12 test wells, $5,200). This work is described in the section
on need for additional studies and test wells.

2. Surface-water study in western Antelope Valley includ-
ing instrumentation for four stream gages and & precipitation
étation. The rainfall and runoff records should be collected
contimiocusly for about 10 years to provide meaningful average
values for evaluating natural recharge, flood hazard, etc. When
sufficiently long records have been obtained, & small amount of

additional funde would be neede@lto in;erpret the data and pre-

-

pare a short report om the findings._

-~
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3. A study of chemicel quality of water with particular
emphasis on the rate of accretion of dissolved salts from
imported water. All dissolved salts in imported water will
remain in the area, as there is no apparent means of exit from
this closed hydrologic system. These salts will continue to
accumilate and eventually could dbecome a.problem. Determining
the rate of salt accumulation will show when this problem might

require remedial attention.
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NEED FOR ADDITIONAL STUDIES AND TEST WELLS

The overall water-rescurces investigation of the AVEK ares must
be completed before the regional geoiogic a.nd hydrologic features of
the area can be sppraised in sufficient detail to permit th§ AVEK
Water Agency to cc;mplet.e plans for using lmported water in conjunc-
tion with the natural water supply. This is necessary if the Agency
is to plan an effieient basin-wide water-management program. An
analysis of data fran existing wells shows that in some criticai areas
test wells must be Med and test pumping will be needed to provide
information not otherwise svailable. The probability that some test
wells would be needed was foreseen from the beginning of the work. '
Some aspects of the geologic structure are related to the location of
the bounderies of certain gmd—ﬁﬁer subunits. The positions and
effectiveness of these features are of critical importance ’;mt ca.nﬁot.
be determined before a program of test-well drilling and test pumping

ié completed, about as outlined below:
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Phase I.

Phage II.

Phase III.

I
Phase IV.

Test-well drilling.

About 7 to 10 wells cased with 3-inch pipe--a total of
sbout 2,500 feet of hole.

Aquifer test in Chaffee subunit.

Develope éxisting well 32S5/36E-35R2 and equip and pump

well 325/36E-35R1 during long-term aquifer test.

Aquifer test {provisional) in West Antelope subunit.

Collect data to detexﬁine if existing well facilities are
adequate for testing; if inadequate, construct one
observation well about 800 feet deep and 8 inches in

diameter.

Recharge rate deteminativon in West Antelope subunit.

Construct small spreading-infiltration basin near los
Angeles Aqueduct; drill observation well near spreeding
basin. Make a well injection test uaing the aquifer
test facilities described above (provided that infiltra-
tion is not sufficiently rapid, as determined by infil-

tration tests).

The depths of proposed test wells are shown in table 4 and the

locations are plctted on figure 10. The test wells are mumbered in

logical drilling order through test well 7.
!
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Purpose of Test Wells

_ The purpose of the test wells is to provide: (a) Additional
control points for obtaining water-level measurements for use in prep-
aration of water-level coﬁtour maés and profiles; (b) hydrologic infor-
mation relative to the position and extent of two possible faults which
may act as ground-water barriers in the western part of the @area. The ,
position of these barrier features and the degree of their effective-
ness is of critical importance. Unless the wells are drilled, data
willl not be available to determine if a large ground-water subunit
exists in the western part of Antelope Valley and if that area can be
used efficiently as a large-scale storagé'reservoir where water can be
readily recharged and later pumped from wells for use; (c¢) geologic
information relative to thickness, character, extent, and correlation
of the various subsurface deposits; (d) necessary control to use in
_conjunction with existing wells for making agquifer rating tests io
determine transmissibility and storage coefficlents (necessary only if
previocus testing prcves the existence of a separate ground-water sub-
unit in the area); and (e) necessary control to use in conjunction with
existing wells for obtaining periodic water-level measurements to deter-
mine the effectiveness of proposed water-spreading tests in the westerm
part of the area, and for related purposes. In most cases the wells
will be multipurpose, and in all cases they will suprly necessary date

not readily or économically available in any other way.
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Although reconnaissance geologic mpping and avail’able data
from vells indicate the probable existence of two fa,ulw in the
vestern’ pa.rt Qf the Am:elope Valley hasin, these are net yet known

to act a8 ba.rriers tc ground water. If these faults are located

about as shown on fignre lQ it mght be posmble ta; re’cain large
quantitles of gmund va.ter in stm'age in the gmund—water subunits

upgradient fm the ba.rriers 3 water could be rrat:h&rged a.nd stored

," -

for later mcmrery and’ use. If the suspected faults are proved to ; ’

ex:.st and da act as be.rriers to ground watcr,, outﬂow woﬁld be

,e;:,

] restricted a.nd the ba.rriers uovld preven'b“ mst af the ldsses which
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Selection of Test-well Sites and Well Specifications

On thg basis of the previous presentétion of findings ard the
;eed for sdditional critical data for the completion of the ground-
water investigation of the AVEK area, the sites for 12 test wells
have been selected; drilling of these sites should provide the neces-
sary data., UNot all will be required'if results of the first few
wells are successful. The 12 sites are shown on figure 10, and the
mmbers correspond to those in table L. For each test well listed

in table L, there is indicated its epproximate location, diameter,

‘the estimated maximm depth, probable depth to water, and type of

As a matter of speed and eco;omy in logging, all the test wells
probably will be drilled by the rotary method. Also, an electric log
of each test well will be essential. Test wells 1 to 11 (if each is
required) should be cased with small-diameter (perhaps 3-inch) slotted
pipe and developed by bailing.

Test well 12 should be equipped with a casing not less than 8
inches in diameter and should be developed thoroughly for use as an
observation well during an aquifer test, if previous drilling has
shown the existence of a separate ground-water subunit we;t of the
postulated Randsburg-Mojave fault. The well will not be required if
testing indicates that the area is not suitable for ground-water

holdover storage.
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the fiel&*and f*an further>study Accordmngky, flexibilzty in th

e_test«-veli drilling program. In 'cnis connection, t’fxe Geological"
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Time Schedule for Completion of the Test-Well Drilling

Completion of the current investigation of the AVEK area is
scheduled for July 1965. To complete the final report on schedule,
the proposed test-well drilling should be completed as soon as possible
and not later than December 196L4. If test drilling extends beyond
December, additional time and funds will be required to complete the
report.

Upon conclusion of the proposed drilling and testing, the
Ceoclogical Survey will prepare a brief report summarizing the data
and results obtained. The contemplated drilling and testing possibly
will indicate a need for further data, which cannot be foreseen at
this time. If the investigation cannot be concluded successfully
vithout additional drilling, these needs and the data required will

be described in the report.
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Qther Studies and Tests

An agquifer test in the Chaffee subnnit probably can be

s e o - o = - -
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Pacific Land Cef; vhere an’ aléuifer test previsusly wes a.ttemyted.
The previeus test was unéuccessml- beca.use'the ebservation yell,
35R2, hed not been properly developed. This well must I‘ae- developed
by extensive bailing and pumping before & satisfactory test can be
run; treatment with a mud defloceulant may be necessary. Assurance (
of suceess "is n@t.’eertaiéz,-but if it can be dene, the expense of
censtmcting an ebsemtien well can be averte&“.

A pump - for vell 328/362-3531 also™ will be needsd fer the test;
it sheuld be sct at. abeut 2‘(5 feet and sheould be ca.pa.ble of yie}.ding
1,500 gpm. Gth,er det&f.ls of testi.n.g ean, be arra.nged when\ the sgeci-
ficatimns are: ‘1943'.&.11.3\'e repared.

Delineation of fault barriers in £he western part of Antelope

Valley basin may indicate that the northern part of the Neenach

subumt is the best lcmg-tem atomge unit ror the basin. Iir 20,

: - “»\. .S
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an aquifer test will be planned somewhere near the east end
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wells will be used, if possible, for this test. However, construc-

tion of a test well near an existing well might be necessary.
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Additional standing weter-level messurements will be obtained
in existing wells aldng the inferred fault barrier trending west-
southwest through the Neenach subunit. Some of these water levels
vwere not measured during the recent well caﬁvass done in cooperation ,
with the California Depart;gnt of Water Resources because ﬁhe wells
were being pumﬁed>when they were visited. These measurements will
8id in more conclusively and accurately delineating this fault. In
addition to these measurements, water-level recorders will be
1nat911ed for short-term operation on either side of the fault if
satiéfactory unused wells are available. These short-term records
8150 will help to delineate the fault.

‘ A progrem of stream gaging and precipitation-data collection
should be started. The’hroad aspects of such a program as described
in the surface-water section of this report, are beyond the scope of
Athe present inwestigation.l However, a segment of a broad progrem of
data collectidn should beicommencéd in western Antelope Valley to
sugment tﬁe ground-water appraisal of the West Antelope subunit.
| To implement the,snrfage-vater study in the western part of
Antelcp; Valley fcuf‘stream.gages at suitable loéﬁtions on Oso Canyon,
Sycamore Canyon,_cﬁnyoﬁ d;l Gato;Monteg, and Cottonwood Creek should
be installed. A ﬁreqiéitationjétatiog at one of the stréam-gage sites
alsc should be instelled. These installations should be planned for

long~-term operation to increase the utility of records cbtained.
Y ' -
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CUMULATIVE PERCENT OF ANNUAL PRECIPITATION

FIGURE ¢

0.8

AVERAGE PRECIPITATION BY MONTHS, PERCENT OF ANNUAL TOTAL

1.3 1.6

2.4

3.8

8.1

18.5

19.8

19.7

18.0

5.0

100

90

80

40

/

]

/

60

40

30

20

/

JUNE

JULY | AUG.

SEPT

OCT.

NOWV.

DEC.

JAN.

FEB.

MAR.

APR.

MAY

MONTH

GRAPH SHOWING MONTHLY DISTRIBUTION OF PRECIPITATION,
AT MOJAVE FQOR PERIOD I876-1213,1941-45,1947-50, AND
1952 -6Q




U.S. GEOLOGICAL SURVEY FIGURE 7
/\u.
RECURRENCE INTERVAL IN YEARS
100 20 10 5 2 5 T} 20 100
300
LONG-TERM MEAN ANNUAL ;
2501
i

\ TREUVIFITATIVNT 1O O JC TINUREDS

50

\
\\
\\.
\
) 5 10 20 50 20 10 5 2 i
PROBABILITY IN PERCENT OF A SINGLE YEARS PRECIPITATION BEIN
GREATER THAN—=— | ——— LESS THAN '

THE INDICATED PERCENTOF THE LONG-TERM MEAN

GRAPH SHOWING FREQUENCY DISTRIBUTION OF ANNUAL
'PRECIPITATION AT MOJAVE



INCHES

US GEOLOGICAL SURVEY FIGURE

24

22

20

12|

deficiency

eede o

Precipidgtiod. L. Soooleo

Jan Feb Ma r Apr May June July Aug Sept Oct Nov Dec

Graph of long-term monthly evaporation and precipitation at Backus
Ranch(sec.20, 110N, R12W), Kern County Calif, showing net atmospheric-
water deficiency



RUNOFF IN PERCENT OF LONG-TERM MEAN

600

400

200

100

60

40

20

U.S.GEOLOGICAL SURVEY ‘ FIGURE
RECURRENCE INTERVAL, YEARS

100 50 20 10 5 2 5 10 20 50 100
A

N

N
N
AN
N
N
\\
N
\\
N
N
N
\\
\\
1. 2 5 10 20 50 20 1o 8 2
PROBABILITY IN PERCENT OF A SINGLE YEARS RUNOFF BEING
GREATER THAN--=|-~-- LESS THAN

THE INDICATED PERCENT OF THE MEAN

GRAPH SHOWING GENERALIZED FREQUENCY DISTRIBUTIOMN
OF ANNUAL RUNOFF FROM BIG ROCK CREEK BASIN



/

7

.U.S.GEOLOGICAL SURVEY

FIGURE 14
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